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Miri Seiberg 

168 Herrontown Rd. Princeton, NJ 08540 
(908) 874-2325 (W); (609) 497-0148 (H) 

Education 

1977 B.Sc. Biological Sciences, Tel-Aviv University, Israel. 
1982 M.Sc. Biochemistry, The Weizmann Institute of Science, 
Israel. 

1989 Ph.D. Molecular Biology, The Weizmann Institute of Science, 

Israel, in collaboration with Princeton University, Princeton 
NJ. 

Employment 

1982 The Weizmann Institute of Science, Israel. 

Research assistant, Dept. of Chemical Immunology. 

1982-90 Princeton University, Princeton NJ 

1982-84 Visitor, Dept. of Biochemical Sciences. 
1987-89 Visitor, Dept. of Molecular Biology. 
1989-90 Post Doctoral Fellow, Dept. of Biology. 

1990- 92 Bristol-Myers Squibb PRI, Princeton NJ. 

Post Doctoral Fellow, Dept. of Macromolecular Structure. 

1992- Johnson & Johnson Family of Companies 

1992-95 Senior Scientist, Skin Biology Research Center 
of Pharmaceutical Research Institute, Raritan 
NJ. 

1995-96 Staff Scientist, Dermatology R&D, Johnson & 

Johnson Consumer Companies, CPWW 

division, Skillman NJ. 
1997-99 Principal Scientist, Skin Research Center, 

CPWW, Skillman NJ 
1999-0 Research fellow, Skin Research Center, 

CPWW, Skillman NJ 
2001 -05 Sr. Research fellow, Skin Biology TRC and 

LAS, CPWW, Skillman NJ 
5/2005- Principal Research fellow, Skin Biology TRC 

and LAS, CPWW, Skillman NJ 



Industrial Experience 

1990- 92, Bristol-Myers Squibb PRI, Princeton NJ. 

Post Doctoral Fellow, Dept. of Macromolecular Structure. 

Using a rat model system for salt-induced hypertension, identified a novel 
gene involved in salt-induced hypertension, and demonstrated selective 
expression patterns. 

1992 -today, Johnson & Johnson Pharmaceutical Research Division 

1992-95, Senior Scientist 

This position involves conducting individual projects, supervising one 
BS/MS technician. Identified pathways involved in epidermal differentiation, hair 
growth and keratinocyte apoptosis. Developed relevant bioassays and screens. 
Johnson & Johnson Consumer Companies, Inc. 

1995-96, Staff Scientist 

Directed two research scientists. Developed enzymatic, molecular and 
cellular assays and screens for potential drug and cosmetic activity. Involved in 
retinoid studies, proteases and protease inhibitors, in epidermal differentiation 
and hair growth. 

1997-99, Principal Scientist 

Head of pigmentation group. Directed research scientists and postdoctoral 
fellows. Horizontally directed the pigmentation technology development team. 
Initiated and directed molecular, cellular, and biochemical studies of 
pigmentation, resulting in the identification of a novel pathway that regulates skin 
color. Identified agents, both drugs and cosmetics, to modulate this pathway, 
resulting in darkening or lightening of human skin. Designed and evaluating 
product prototypes for biological activity and efficacy. In charge of numerous 
academic collaborations. 



1999-00, Research Fellow 



Continue heading the pigmentation team and supporting technology and 
product design groups in creating a line of depigmenting agents. First products 
available in stores. Additional responsibility in heading the hair growth efforts, 
introducing a new concept for delaying hair growth. Identified novel cosmetic 
agents with modulatory effect, demonstrated preclinical POP and initiated 
product development efforts. Expand responsibility for academic collaborations. 

2001 - 2005, Sr. Research Fellow 

Director of the Skin Biology research group, including pigmentation, hair, 
acne, skin aging and skin cancer teams and supporting facilities. Continue basic 
research and product development support in all areas. Identified a novel 
cosmetic for skin aging, currently under early development stages. Directed 
efforts in the development of a new drug for acne, based on a proprietary target, 
now under clinical evaluation. Continue R&D support for skin lightening 
technology, now sold by numerous Brands and J&J companies worldwide. 
Continue R&D support for delaying hair growth technology, now sold by 
numerous J&J companies and Brands worldwide. Received the Johnson Medal, 
the highest level of scientific recognition by JJ. Head of Laboratory Animal 
Services, incl. vivarium support for numerous J&J companies. Council member 
of the J&J Corporate office of Science and Technology. In charge of academic 
interactions and collaborations for Skin Biology and related areas. In charge of 
the J&J SRC training grant. Member of the mentoring team. 

5/2005 to present, Principal Research Fellow 



M. Seiberg 



Patent applications 

More than 25 patent applications in the areas of skin and hair 



J&J Awards 

1 . Skin care council - best scientific content poster award. June 1 993. 

2. American Express achievement award of PRI. January 1995. 

3. COSAT-CORD internship award. April 1997. 

4. Skin care council - best overall poster award. June 1999. 

5. COSAT excellence in science award. November 1999. 

6. CPWW achievement award. January 2000. 

7. Skin care council - best overall poster award. June 2001 . 

8. CPPW Grandview award. March 2003. 

9. The Johnson Medal. Oct 2003. 

10. The Mountainview award. March 2005. 



Societies 

1 . Pan American Society of Pigment Cell Research (council member, 2001-03, 
member of finance committee, 2000-02, nominated for 2005 presidency 
elections). 

2. Society of Investigative Dermatology 

3. American Society of Cellular Biology 

4. American Association for the Advancement of science 

5. New York Academy of Science (elected 2003) 
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Tsitologiia. 1975 Nov;17(l l):1278-82. 

Denaturation time of actomyosin exposed to different chemicals 

Matveev W 

The frog skeleton muscle actomyosin denaturation time dependence on the concentration 
of salts (NaCl and CaC12) and organic chemicals (carbohydrates, narcotics and alcohols) 
was investigated. The following effects were detected: phase change in denaturation time 
associated with the rise of concentration of chemicals under study; actomyosin 
stabilization effect; coincidence of concentrations giving rise to protein stability with 
those increasing the survival time of isolated frog sceleton muscles in vitro (literature 
data); denaturation effect of alcohols used, both in high and very low concentrations. 
Pit Rev Food SciNutr. 1981:14GV201-30. 

Modification of technological properties of fish protein concentrates. 

• Sikorski ZE 

• Naczk M 

Fish protein concentrates are mixtures of cross-linked and aggregated molecules of 
different muscle proteins. The final conformation of the components of the mixtures is 
formed as a result of procedures applied to convert the raw materials into a product of 
desirable and stable sensory properties, containing less than 0.1% of lipids. To achieve 
this end usually extraction with hot organic solvents, mainly isopropyl alcohol and 1,2- 
dichloroethene, followed by air drying are employed. These conditions bring about 
denaturation of many of the proteins followed by aggregation of the molecules due to the 
interaction of reactive functional groups in extended polypeptide chains. In the final 
product a large proportion of hydrophobic groups is exposed to the solvent and the 
proteins exhibit an extremely low water affinity. Such concentrates, although valuable as 
protein supplements, have only limited suitability as active components of various 
processed foods, as they have poor technological value. They are insoluble or have a very 
low water dispersibility and swelling ability, do not form gels after heating, or have any 
significant fat-emulsifying capacity. Changing the dissociation or number of ionic groups 
of the molecules prior to extraction, e.g., by acidifying or acylating, can partially reduce 
the denaturing effect of heat and organic solvents and thus improve the functional 
properties of the product. An upgrading of the quality of concentrates produced by hot 
extraction can be achieved by partial enzymatic or chemical deaggregation, hydrolysis 
followed by the plastein reaction, or formation of suitable derivatives. The best results 
have been obtained by partial hydrolysis of acylated proteins or precipitation of the 
aggregated products using sodium hexametaphosphate. The functional properties of such 
products are comparable to those of vegetable protein isolates used as meat extenders. 
Various proteins of high technological value can be also obtained by enzymatic 
hydrolysis of the raw material, followed by separation of the lipids without organic 
solvent extraction. Such products, however, have a distinct odor and flavor and must be 
stabilized because of residual lipids. 



J Chromatocr. 1984 Dec 28;317:227-43. 



Kinetics of unfolding of proteins on hydrophobic surfaces in reversed- 
phase liquid chromatography. 

• Benedek K 

• Done S 

• Karger BL 

As a continuation of previous studies, we present in this paper measurements on the 
kinetics of denaturation of papain, soybean trypsin inhibitor and lysozyme on n-butyl- 
bonded silica gel surfaces used in reversed-phase liquid chromatography (RPLC). In all 
cases, native and denatured peaks widely separated from one another are observed. The 
rate constants for denaturation or unfolding are determined by the measurement of the 
peak area of the native protein as a function of the incubation time that the species spends 
on the bonded-phase surface. The results reveal that a slow denaturation step occurs with 
a half-life of ca. 15 min. In addition, studies of denaturation as a function of the amount 
of 1-propanol in the initial mobile phase suggest an additional unfolding step when the 
protein comes in contact with the bonded-phase surface. The extent of this latter step 
decreases as the concentration of 1-propanol increases, further suggesting that 1-propanol 
sorption on the bonded stationary phase may play a role in this behavior. Other studies 
are conducted with alpha-chymotrypsinogen, in which injection is made after the start of 
the gradient. The extent of denaturation is observed to be a function of the organic 
modifier employed. The results of this paper provide insight into the denaturation process 
in RPLC and suggest approaches to minimize this behavior. 
Eur J Biochem. 1991 May 23;198(1):3 1-41 . 

Denaturation capacity: a new quantitative criterion for selection of 
organic solvents as reaction media in biocatalysis. 

• Khmelnitskv YL 

• Mozhaev VV 

• Belova AB 

• Sergeeva MV 

• Martinek K 

A. N. Bakh Institute of Biochemistry, Moscow, USSR. 

The process of reversible denaturation of several proteins (alpha-chymotrypsin, trypsin, 
laccase, chymotrypsinogen, cytochrome c and myoglobin) by a broad series of organic 
solvents of different nature was investigated using both our own and literature data, based 
on the results of kinetic and spectroscopic measurements. In all systems studied, the 
denaturation proceeded in a threshold manner, i.e. an abrupt change in catalytic and/or 
spectroscopic properties of dissolved proteins was observed after a certain threshold 
concentration of the organic solvent had been reached. To account for the observed 
features of the denaturation process, a thermodynamic model of the reversible protein 
denaturation by organic solvents was developed, based on the widely accepted notion that 



an undisturbed water shell around the protein globule is a prerequisite for the retention of 
the native state of the protein. The quantitative treatment led to the equation relating the 
threshold concentration of the organic solvent with its physicochemical characteristics, 
such as hydrophobicity, solvating ability and molecular geometry. This equation 
described well the experimental data for all proteins tested. Based on the thermodynamic 
model of protein denaturation, a novel quantitative parameter characterizing the 
denaturing strength of organic solvents, called the denaturation capacity (DC), was 
suggested. Different organic solvents, arranged according to their DC values, form the 
DC scale of organic solvents which permits theoretical prediction of the threshold 
concentration of any organic solvent for a given protein. The validity of the DC scale for 
this kind of prediction was verified for all proteins tested and a large number of organic 
solvents. 

European Journal of Biochemistry, Vol 202, 379-384, Copyright © 1991 by Federation of European 
Biochemical Societies 

The effect of water content and nature of organic solvent on enzyme 
activity in low-water media. A quantitative description 

SH van Erp, EO Kamenskaya and YL Khmelnitsky 

A. N. Bakh Institute of Biochemistry, Moscow, USSR. 

A simple theoretical model was suggested to describe quantitatively the effect of water 
content and nature of organic solvents on catalytic behavior of enzymes suspended in 
low-water media. The model was based on a generally accepted notion that the 
destruction of the protein hydration shell is one of the main reasons for protein 
denaturation by organic solvents. The validity of the model was confirmed by the 
example of catalytic behavior of immobilized laccase suspended in water/organic 
mixtures of different compositions. In addition, the results were used to demonstrate that 
the effect of organic solvents and/or water content on catalytic behavior of enzymes in 
low- water media can be adequately assessed only in terms of the full kinetic description 
based on properly determined Vm and Km values. 

Process for the isolation and purification of isoflavones 

United States Patent 5679806 (Filed 02/24/1995, granted 10/21/1997) 
Abstract: The present invention relates to a process for the isolation and purification of 
isoflavones from a number of different biomass sources. More particularly, the present 
invention relates to a three-step process whereby a biomass containing isoflavones with a 
solvent thereby forming an extract that is subsequently fractionated using a reverse phase 
matrix in combination with a step gradient elution, wherein the resulting fractions eluted 
from the column contain specific isoflavones that are later crystallized. The purified 
isoflavone glycosides may then be hydrolyzed to their respective aglycone. 
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II. General Properties 
By M. KUNTTZ 

{From the Laboratories of The Rockefeller Institute for Medical Research, Princeton, 
New Jersey) 

(Received for publication, October 21, 1946) 

The isolation of a crystalline trypsin inhibitor from soybean has been reported 
in previous publications (1). This paper deals with some of the properties of 
the new crystalline protein and with the mechanism of its inhibiting action on 
trypsin and chymotrypsin. 

The soybean inhibitor is a protein of the globulin type. It is precipitated 
by trichloracetic acid and is non-diffusable through collodion or cellophane 
membranes. Its light absorption spectrum is that of a typical protein with a 
maximum at 280 m/i and a minimum at 252 m/i. The protein contains less 
than 0.01 per cent phosphorus and is free of carbohydrate. It acts as an inhibi- 
tor only when it is in its native state; denaturation of the soy protein by heat, 
acid, or alkali is accompanied by a loss in its inhibiting power. 

The action of the native soybean protein as a trypsin inhibitor is due to its 
combination with trypsin to form an irreversible stoichiometric compound. 
The combination is apparently instantaneous. 

The soy protein inhibits slightly the proteolytic action of chymotrypsin, but 
unlike that of trypsin the inhibition is due to the formation of a loose reversible 
compound of the type described by Northrop (2) for the combination between 
pepsin or trypsin with crude inhibitors. The reaction between chymotrypsin 
and the soybean inhibitor was found to agree with the law of mass action, for a 
reversible uni-unimolecular reaction. 

Crystalline soybean protein, if denatured, is readily digestible by pepsin, by 
chymotrypsin, or by trypsin. 

Crystalline soybean inhibitor has no inhibiting effect either on the proteolytic 
activity or on the milk-clotting ability of pepsin. 

EXPERIMENTAL 

Test of Purity of Crystalline Soybean Trypsin Inhibitor 1 
1. Effect of RecrystaUization. — The principal steps in the procedure for the 

1 For the sake of brevity the terms "soy inhibitor" and "soy protein" are frequently 
used in the text instead of the full expression "crystalline soybean trypsin inhibitor." 
291 
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isolation of the crystalline soybean inhibitor are the following: (1) Extraction 
of soybean meal in 0.25 n HjSO«. (2) Adsorption of the inhibitor from the acid 
extract on bentonite and elution with 5 per cent solution of pyridine in water. 
The pyridine is removed by dialysis. (3) Precipitation of the inhibitor in 
amorphous form at pH 4.65. This step is repeated twice. (4) Crystalliza- 
tion at pH 5.0 and 35°C. The extent of purification during the various stages 
of preparation is shown in Table I. 

The material reaches its highest purity after two crystallizations, as shown 
by measurements of inhibiting activity and also by the Molisch test for car- 
bohydrate impurities. The specific activity of the second mother liquor no 
longer differs from that of the second crystals. Further crystallization does 
TABLE I 

Ej) eel of Crystallization on the Purity of Soybean Inhibitor 
1000 gm. Nntrisoy XXX flakes. 



Preparation 




Total yield 


Specific activity 


Molisch test lot 
carbohydrate 
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0.85 




2nd amorphous 












8-10 gm. 


3,000 


1.00 






4gm. 


1,500 


1.03 


? 








0.88 


+ 


2nd crystals 






1.05 










1.02 





not have any significant influence on the specific activity of the crystalline 
protein. 

2. Solubility Test for Purity. — The purity of a sample of several times crystal- 
lized soybean inhibitor was tested by measuring the solubility of the material 
in 0.1 m acetate buffer pH 4.6 at 5°C. in the presence of increasing amounts of 
solid protein in suspension. 

The usual procedure of stirring increasing amounts of crystals in a definite 
volume of solvent until equilibrium is reached was found unsuitable for the 
soy inhibitor, since stirring brought about gradual denaturation of the pro- 
tein. It was found more satisfactory to use solutions of various concentrations 
of the protein and then to bring about saturation by adjusting the pH to that 
of the isoelectric point of the material. Rapid equilibrium is thus established 
between the solid phase in form of amorphous precipitate and the saturated 
solution. The details of the procedure are as follows: 

Experimental Procedure. — 5 gm. of three times crystallized soy inhibitor were dis- 
solved in 50 ml. 0.1 m sodium acetate at 5°C. The protein was then precipitated in 
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amorphous state by adding rapidly 50 ml. 0.1 m acetic acid; the precipitate was filtered 
with suction on hardened paper at about 5°C. The filter cake was redissolved in 
50 ml. 0.1 ii sodium acetate and reprecipitated again with 50 ml. 0.1 m acetic acid. 
The precipitation was repeated once more. The protein concentration of the second 
and third filtrates was determined and found to be practically identical and equal in 
each case to about 1.5 mg. per ml. The final precipitate was resuspended at 5°C. 
in 100 ml. of a mixture of equal parts of 0.1 m sodium acetate and 0.1 u acetic acid. 
Various amounts of suspension, from 0.1 to 5 ml., were then distributed in test tubes 
containing 5 ml. of cold 0.1 u sodium acetate. This brought about complete solution 
of the precipitate. The dear solutions were then poured back and forth into test 
tubes containing 5 ml. cold 0.1 m acetic acid. A precipitate of amorphous protein was 
immediately formed in every tube except in those containing very small amounts of 
the original suspension. Samples of 1 ml. were taken for total protein determination 
and the remaining material was centrifuged at 5°C. The protein concentration of the 
supernatant solutions was then determined. 



The results are shown in Fig. 1. The solid lines represent the theoretical 
phase rule curve for a pure substance. According to the phase rule the solu- 
bility of a pure substance is independent of the amount of solid phase of the 
substance present in suspension. The first four points fall on the 45° line since 
there was complete solution in the mixtures corresponding to those points. 
The other points lie close to the theoretical horizontal line except for those 
near the intersection of the straight lines. This irregularity has been observed 
frequently in the solubility curves of a number of other crystalline proteins 
and it may be due to the presence of small amounts of denatured protein formed 
during the equilibration process. The solubility experiment as a whole shows 
that the material is free of any impurities which can be removed by washing. 
It does not preclude however the possibility of the presence of an impurity 
which has a tendency to form a solid solution with the bulk of the material. 

Reaction between Crystalline Soybean Inhibitor and Crystalline Trypsin 
Addition of increasing amounts of soy inhibitor to a solution of trypsin de- 
creases the proteolytic activity of the trypsin in direct proportion to the amount 
of soy inhibitor added. Pure soy inhibitor counteracts approximately an equal 



* r 

S.4- 




Total protein In totptmilon. mg.pcr ml 

Fig. 1. Solubility curve. 
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weight of pure trypsin. The inhibition is apparently instantaneous and is 
independent, within a wide range, of the pH of the solution. 

The quantitative relationship between the amount of soy inhibitor added 
and the amount of trypsin inhibited is shown in Figs. 2 and 3. 

The amount of trypsin inhibited is directly proportional to the amount of 
inhibitor used and is independent of the total concentration of trypsin in the 
inactivation mixture. 




Fig. 2. Effect of soy inhibitor on the digestion of casein by trypsin. m 
Fig. 3. Effect of soy inhibitor on the digestion of gelatin by trypsin. p 



Experimental Procedure. — 1 ml. samples of a solution of SO 7 crystalline trypsin per 
ml. 0.0025 m HQ were mixed with 1 ml. samples containing increasing amounts of soy 
inhibitor dissolved in 0.0025 m HC1. The amount of inhibitor varied from 0 to 50 
7 per ml. in steps of 10 7. 1 ml. of each mixture was then added to 1 ml. samples of 
1 per cent casern pH 7.6 and the tryptic activity was determined as described in the 
section on Methods. The same experiment was repeated with samples of a stock 
solution containing 25 7 of trypsin per ml. The results of the two experiments are 
given in Fig. 2. 

The direct proportionality between the amount of inhibitor used and the 
amount of trypsin inhibited, independently of the total concentration of tryp- 
sin in solution, is also shown in Fig. 3. In this case the inactivation mixture 
was at pH 7.6 and the inhibition was measured by the gelatin fonnol titration 
method (see Methods). 

The amount of trypsin inhibited per unit weight of inhibitor, when expressed 
in tryptic units, is independent of the purity of the preparation of trypsin used 
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and it corresponds approximately to a weight of pure trypsin equal to the weight 
of inhibitor used. It appears that the reaction between soy inhibitor and tryp- 
sin is of the ionic type similar to neutralization of H ion by OH ion. The re- 
action cannot be reversed either by dilution or by change of pH. 

Isolation of a Crystalline Compound of Trypsin and Soybean Inhibitor 
A crystalline protein has been isolated from a solution containing crystalline 
trypsin and crystalline soy inhibitor. The new protein is composed of about 
equal weights of trypsin and inhibitor proteins. It is inert when added to a 
solution of casein or gelatin, but it does show either tryptic or inhibitory ac- 
tivity when denatured selectively. The method of isolation of the compound 
andja description of some of its properties are given in the subsequent paper. 




Soy inhibitor, vug. per ml. 

Fig. 4. Effect of soy inhibitor on clotting of milk by chymotrypsin. 
Reaction between Chymotrypsin and Soybean Inhibitor 

Soy inhibitor exerts a slight inhibiting effect on the proteolytic and the milk- 
clotting activities of chymotrypsin. The relationship between the amount 
of inhibitor used and the amount of chymotrypsin inhibited as tested on the 
ability of chymotrypsin to clot milk is shown in Fig. 4. The plotted curves 
differ strikingly from those obtained for trypsin (Figs. 2 and 3). The amount 
of chymotrypsin inhibited per unit weight of inhibitor is small compared to 
that of trypsin and it decreases rapidly with the relative proportion of total 
inhibitor and chymotrypsin mixed. The data on the amount of chymotrypsin 
inhibited when 20 y per ml. were used fall on a lower curve than the data for 
50 7 chymotrypsin per ml. The lack of proportionality between the amount 
of chymotrypsin inhibited and the soy inhibitor used holds true also for the 
effect on the digestion of casein, as shown in Fig. 5. 

The type of curves obtained is similar to that of the curves obtained by 
Northrop (2) in his studies of the effect of crude inhibitors on pepsin and trypsin 
and suggests the same mechanism, namely, that the reaction between the soy 
inhibitor and chymotrypsin is of the reversible type obeying the law of mass 



Published March 20, 1947 



296 



CRYSTALLINE SOYBEAN TRYPSIN INHIBITOR 



action so that there is always an equilibrium between the concentration of the 
product of the reaction and the concentrations of the reactants in solution. 

An analysis of the data is simplified by the fact that the total amount of the 
inhibitor in all the solutions used is large compared with the amount of inhibi- 
tor combined with chymotrypsin so that the concentration of free inhibitor 
equals approximately that of the total inhibitor taken. It is assumed here, as 
in the case of Northrop's experiments, that the reaction is uni-unimolecular so 
that one molecule of chymotrypsin combines reversibly with one molecule of 
inhibitor to form one molecule of an addition compound. 




Fig. 5. Effect of soy inhibitor on the digestion of casein by chymotrypsin. 

Let M, and M » be the molecular weights of chymotrypsin and the soy inhibitor 
proteins respectively. Let also A and B equal total weights and a and b equal weights 
of the free chymotrypsin and inhibitor in solution in volume V, then at equilibrium we 
have, in accordance with the law of mass action for a reversible reaction, 



; X ■ 



(1) 



y y being the concentration of the compound formed which is numerically the ti 

as the concentration of the inhibited chymotrypsin. 
K — equilibrium constant 
Since b - B (approximately) Equation 1 b 



A - 



(2) 



where Ki - KMt and is equal numerically to the value of — at 50 per cent inhibition, 

i.e., when - 1. Equation 2 can be also written as 

A - C VK, 
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Solving for C we get 



Equation 3 was used to calculate the values of C for the theoretical curves given in 
Figs. 4 and 5 for the relationship between C - the weight of chymotrypsin combined 
and B — the total weight of inhibitor used, V being equal to 1, since the weights given 

TABLE n 

Calculation of the Theoretical Curves for the Inhibition of Chymotrypsin by Soybean Inhibitor 





A 


Kt 


B 


Calculated 


Ohsf ed 


Equation 


Fig. 4, 1 


50 


450 


367 
734 
1100 
1470 
1840 


22.5 
31.0 
35.5 
38.2 
40.2 


22.7 
31.2 
35.5 
37.4 
40.6 


r S0B 
™ 450 + B 


Fig. 4, n 


20 


450 


75 
150 
300 
450 
600 
750 


2.9 
5.0 
7.0 
10.0 
11.4 
12.5 


2.0 
4.6 
7.2 
9.1 
10.5 
12.1 


r 208 
" 450 + B 


Fig. 5 


12.5 


40 


12.2 
18.3 
30.5 
49.0 
98 

147 

196 

245 


2.9 
3.9 
5.4 
6.9 
8.9 
9.9 
10.4 
10.7 


1.7 
3.5 
4.8 
7.8 
9.1 
10.0 
10.5 
10.8 


12.53 
C " 40 + B 



were expressed per unit volume. The value of Ki was read in each case at C - 0.5 A 
on a preliminary smooth curve drawn between the experimental points in the same 



The calculated values of C are given in Table II. They are identical, within 
experimental error, with the observed data given in the same table. The 
experimental results are in agreement with the theoretical assumption that the 
mechanism of inhibition of chymotrypsin by soybean inhibitor consists in the 
formation of a uni-unimolecular compound in equilibrium with free chymotryp- 
sin and soy inhibitor in solution. Equation 3 shows that the amount of chymo- 
trypsin inhibited per unit weight of soy inhibitor is proportional to the total 
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amount of chymotrypsin in solution and is decreased with the increase in amount 
of inhibitor used and with dilution; in the case of trypsin, the amount of 
trypsin inhibited per unit weight of soy inhibitor is constant and is equal approx- 
imately to the weight of inhibitor used, independent of the total concentration 
of trypsin or inhibitor. 

It is to be noticed that the value of Ki while identical in Fig. 4 for curve I 
and curve II, differs from the value of that constant given in Fig. 5. The con- 
centrations of the reactants given in all cases have been expressed in weights 
per milliliter of the inactivation mixtures, without considering the further dilu- 
tion and further changes caused on addition of samples of 1 ml. of the mixture 
to the substrates used for activity measurements. The sample was added 

TABLE III 

EfuX of Soy Inhibitor on Clotting of MUk by Pepsin 



Pepsin-inhibitor mirtura 












Pepsin 4 y per ml. 0.1 it acetate buffer pH 5.0, ml 

Soy inhibitor 1 mg. per ml. acetate buffer pH 5.0, ml. . 


0.5 
0 


0.5 
0.2 


0.5 
0.3 


0.5 
0.4 


0.5 
0.5 


Made up to 1 ml. with 0.1 H acetate buffer pH 5.0. Mixtures left in room for 10 min- 
utes, then 0.5 ml. of each added to 2.5 mL of 20 per cent Klim milk in 0.1 m acetate buffer 
pH 5.0 at 36°C. and time of clotting observed. 




3.5- 
4.9 


3.5 


3.5 


3.3 


3.0 





Repeated with same pepsin inhibitor mixtures after standing at 25°C. for 3 hrs. 
Clotting time, min | 3.5 | 3.1 | 2.9 | 2.9 | 2.8 

to 2.5 ml. of 20 per cent solution of dry Klim milk of pH 5.8 in the experiments 
on milk clotting or to 1 ml. of 1 per cent solution of casein pH 7.6. Hence the 
difference in the equilibrium constant in the two cases. 

The thoretical Equation 2 has been checked directly by substituting the ex- 
perimental data and solving for Ki, approximately constant values of Ki were 
obtained equal to those given in Table II. 

Effect on Pepsin 

Soy inhibitor has no inhibiting effect on pepsin, either on its proteolytic ac- 
tivity at pH 2.0 or on its ability to clot milk at pH 5:8. At pH 2.0 soy inhibitor 
is digestible by pepsin. The experiment on clotting of milk is given in Table 

in. 

The Globulin Nature of Soy Protein 
A globulin is defined as a protein which in its native state has a minimum 
solubility at the isoelectric point; the solubility increases in the presence of 
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salt In accordance with this definition, the soy inhibitor protein is a typical 
globulin being least soluble at its isolectric point in the absence of salt Addi- 
tion of salt however increases its solubility. 
(a) Solubility and pH. Isoelectric Point- 
Experimental Procedure. — Samples of 0.1 ml. of a stock suspension of 10 mg. of 
crystals of soy inhibitor per ml. of HjO of pH about 4.5 were added to 10 ml. 0.02 u 
acetate buffers of varied pH. The pH and turbidity of the various mixtures were 
measured after standing for several hours at about 25°C. The cataphoretic mobility 
of the crystals in the same mixtures was measured the same day. The results are 
given in Table IV. 

TABLE IV 

Isoelectric Point of Crystalline Soybean Trypsin Inhibitor and Solubility 





4.4, 1 4,0 1 4. 




4.8, | 5.00 \s. U \s M 


5.50 






Light absorption measui 


ed 


atttOnvi 






Optical density 


...| 0.09i| 0.150 


0.196 | 0.1«| 0.U5 


0.07o| O.Oisj o.ow| 0.0«o| 0.014 


0.03»\ 0.032 


CatapkarttU mobility: 1 


extra drop of concc 




0 


crystals added to the soli 




bove pH 4.80 


Mobility In is per sec. 


^J+i.wl+o.&s 






-444- 




1 


Effect of Salts on 
3 ml. samples of a stock suspen 
were mixed with 3 ml. of various sal 


TABLE V 
Solubility of Soy Inhibitor at pB 4 J 
sion of 100 mg. of soy inhibitor in 20 ml. water at pH 4.5 
t solutions in 0.02 M acetate buffer pH 4.5. 


Final salt solutions 


0.01 u 
pf'*.! 


0.1 II 
pf4.5 


0.1 K 0.05 0.05 u 0.1 K 
NaCl 1 u NaiSO< 1 MlSO. 1 MsSOt 
All In 0.01 k actutebufler pH 4.5 


Suspensions left 18 hrs. at 10'C, then 1 hr. at 25°C. 
Centrifuged clear at 2500 r.p.m. for 10 min. 


Mg. protein per ml. I 

supernatant 1 0.73 1 0.95 1 1.57 I 1.51 I 1.565 

(Determined by measuring optical density at 280 nui) 


| 2.01 



The crystals of the soy inhibitor are least soluble at the point of minimum 
cataphoretic mobility, the isoelectric point, which is at pH 4.5. 

(6) Effect of Salts on the Solubility of Soy Inhibitor at the Isoelectric Point of 
the Protein. — The solubility of the crystals of soy inhibitor at its isoelectric 
point is considerably increased in the presence of salts. This is shown in Table 
V. The crystals are more soluble in the presence of magnesium ions than 
in the presence of an equivalent concentration of sodium ions. 

Stability and Denaturation of Soy Inhibitor 

Crystalline soy inhibitor is stable in the range of pH of 1-12 when dissolved 
in dilute buffer solution and stored at temperatures below 40°C. At higher 
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temperatures and in stronger acid or alkaline solutions the protein is gradually 
denatured, as evidenced by a decrease in its solubility at the isoelectric point 
or in salt solutions. The gradual denaturation of the protein is accompanied 
by a corresponding loss in its ability to inhibit the action of trypsin. 
1. Denaluration in 0.1 u NaOH. — 

A solution of 0.1 u NaOH containing 2.S mg. soy inhibitor per ml. was left at 36°C. 
2 ml. samples were taken after various intervals of time, neutralized with 2 mL of 
0.1 m HC1, and analyzed for denatured protein and inhibiting activity. The amount 
of denatured protein was determined by mixing 2 mL of the neutralized solution with 
4 ml. of 0.1 ii acetate buffer pH 4.5 and centrifuging the precipitate formed after 




100 120 U0 
Minute* in 0.1 K NaOH it 36' C. 

Fig. 6. Denaturation of soy inhibitor in 0.1 m NaOH at 36°C. 

standing about 1 hour at room temperature. The precipitate consisted of denatured 
protein while the supernatant solution contained native protein. The concentration 
of protein in the supernatant solution was measured spectrophotometrically at 280 
nui. The inhibiting activity was determined on samples of the neutralized solution 
without addition of acetate buffer. 

The results of the experiment are given in Fig. 6. The gradual loss in native 
protein is accompanied by a corresponding percentage loss in inhibiting activity. 

Denaturation in 0.1 m HC1 at 50°C. or higher gave results similar to those 
obtained on denaturation in 0.1 M NaOH. 

2. Reversible Denaturation by Heat. — Soy inhibitor protein like many other 
proteins becomes denatured when heated in dilute acid or alkaline solution at 
temperatures above 40°C. The denaturation in the absence of salts is not 
accompanied by any visible precipitation of denatured material. The de- 
natured protein is readily precipitable on addition of salt or on adjusting the 
pH of the heated solution to that of the isoelectric point. The denaturation is 
reversed on cooling. Prolonged heating however brings about permanent 
denaturation. The following experiments show that denaturation on heating 
and also the reversal of the denaturation on cooling as well as irreversible de- 
naturation are accompanied by a corresponding loss or gain in the inhibiting 
activity. 
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(a) Denaturation (Reversible) at 70°C— Samples of 2 ml. 0.1 per cent solution of soy 
inhibitor of pH about 3.0 (in 0.0006 u HCl) were placed in a water bath at 70 o C. f 
removed at various times, cooled to about 5°C, and mixed with 4 ml. of 0.15 m acetate 
buffer pH 4.5. The precipitates formed were centrifuged after standing 1 hour in the 
room. The supernatant solutions were analyzed for protein and inhibiting activity.* 
The results are shown in Fig. 7. 

(J) Reversal of Denoturation at 30°C.— 25 ml. of a 0.25 per cent solution of crystal- 
line soy inhibitor in 0.0025 M HCl were heated at 80°C. for 5 minutes, then transferred 
to a water bath at 30°C. Samples of 1 ml. were mixed at various times with 5 ml. 
0.06 u acetate buffer pH 4.5 and treated as described in (a). The results are shown 
in Fig. 8. 

100. 1 




°0 123 456 7e! 
Minutes at 70* C. 

Fig. 7. Reversible denaturation of soy inhibitor at 70°C. and pH 3.0. 




Fig. 8. Reversal of denaturation. 



(e) Irreversible Denaturation at 90"C. — Samples of 1 ml. solution of 0.5 per cent crys- 
talline soy inhibitor in 0:0025 m HCl were heated at 90°C. for various lengths of time 
and stored at 20°C. for 18 hours. Each sample was then mixed with 5 ml. 0.06 u 
acetate buffer pH 4.5 and treated as described in (a). 

The results are shown in Fig. 9. 

The denaturation by heat and also the reversal of denaturation on cooling 
proceed at a measurable rate. At temperatures above 40° and below 60°C. 
denaturation and the reversal of denaturation proceed until a point of equi- 

* Activity measurements when done on the uncentrifuged' suspension gave higher 
values, possibly because of reversal of denaturation in the digestion mixture at pH 7.6. 
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librium is reached between the amount of native and denatured protein in solu- 
tion. The equilibrium values depend on the temperature and the pH of the 
solution. Studies of the kinetics and the thermodynamics of reversible 
denaturation of crystalline soybean inhibitor protein will be described in a 
separate paper. 

Digestion of Soy Inhibitor Protein by Proteolytic Enzymes 
1. Digestion by Pepsin. — Crystalline soy inhibitor protein, if denatured, is 
readily digestible by pepsin in slightly acid solution. Native soy inhibitor 
protein is hardly affected by pepsin at pH 3.0. However, in more acid solu- 
tion, even native soy protein is gradually digested, though only at a rate of less 
than zvv °f that of denatured soy protein.' The gradual digestion of native 
soy inhibitor protein by pepsin at pH 2.0 is accompanied by a proportional loss 
in trypsm-inhibiting activity, so that no significant and definite change in the 
specific activity of the soy protein is brought about by treatment with pepsin. . 




Minutes at90'C 

Fig. 9. Irreversible denaturation at 90°C. 

Experimental Procedure— (a) Digestion at pH 3.0 of denatured soy inhibitor: A 
tube containing 9 mL of 0.25 per cent solution of soy inhibitor in 0.0025 m HC1 was 
heated for 5 minutes at 90°C. and cooled for 2 minutes at 5°C. One ml. of 0.1 per cent 
solution of crystalline pepsin in 0.0025 m HC1 was added and the mixture left at 30°C. 
Samples of 1 ml. were taken at various times and added to 5 ml. of boiling hot 5 per 
cent (0.3 it) trichloracetic acid. The precipitate was centrifuged after standing for 
about 1 hour at room temperature. The protein digest content of the clear superna- 
tant was determined by measuring the optical density at 280 mp. The results are 
given in Fig. 10, curve I. 

(6) Digestion of native soy inhibitor at pH 3.0: Same procedure as in (a) except that 
the soy inhibitor solution had not been heated at 90°C. The results are given in Fig. 
10, curve HI. No digestion was observed during 6 hours. 

(e) Digestion of soy inhibitor which was first denatured and then reversed: Same 
procedure as in (a), except that the soy solution after it had been heated to 90°C. was 
allowed to stand for 18 hours at 25°C. before the pepsin was added. See Fig. 10, curve 
n. The slight initial rise in curve II may be due to the presence of a small amount 
of irreversibly denatured protein, which was rapidly digested, the digestion then 
stopped. 

* It is possible that at pH 2.0 or lower the protein becomes gradually denatured to a 
slight extent, and it is the denatured protein that is digestible by the pepsin. 
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(<i) Digestion at pH 2.0: Same procedure as in (a) and (&), except that the solution 
of soy inhibitor was in 0.01 m HC1. The results are shown in Fig. 11. 

(«) Loss of inhibiting activity on digestion of soy protein by pepsin at pH2.0: 
Same procedure as in (6) except that samples of the pepsin digestion mixture were also 
tested for tryp sin-inhibiting activity, in addition to those tested for loss in protein. 

The results given in Fig. 12 show that the loss in activity is parallel to the 
gradual digestion of the soy protein by pepsin. 




Fro. 10. Digestion of soy inhibitor by pepsin at pH 3.0. 




Fig. 11. Digestion of soy inhibitor by pepsin at pH 2.0. 

2. Digestion of Soy Inhibitor Protein by Trypsin and Chymotrypsin. — Soy in- 
hibitor, if denatured, is digestible by trypsin and chymotrypsin. However, 
in order to become susceptible to digestion by these enzymes the soybean 
protein has to be denatured more vigorously than when tested for pepsin di- 
gestion; the range of pH favorable for the action of trypsin and chymotrypsin 
is also favorable for the rapid reversal of denaturation of the soy inhibitor with 
the resulting inhibition of the proteolytic enzymes. It was found necessary 
to heat soy protein in 0.1 u NaOH for 10 minutes at 100°C. in order to make 
the protein susceptible to the digestive action of small amounts of trypsin or 
chymotrypsin. High concentrations of these enzymes undoubtedly digest 
soy protein even when less vigorously denatured. The measurement of di- 
gestion in the presence of relatively high concentrations of the enzymes is 
complicated by the autolysis of the enzymes, so that the measurements reflect 
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not only th; amount of substrates digested but also the digestion of the 
enzymes themselves. 

Experimental Procedure. — Stock solution of 0.5 per cent of soy inhibitor in 0.1 it 
NaOH was heated for 10 minutes at 100°C, and cooled. 

Digestion Mixture.— 5 ml. of heated stock solution + 5 ml. 0.1 M HC1 + 1 ml. 0.5 
ii phosphate buffer pH 7.4 + 1 ml. trypsin (0.2 mg.) in 0.0025 m HC1, or 1 ml. chymo- 




Fic. 12. Loss of trypsin-inhibiting activity of the soybean protein when digested 
by pepsin. 




°0 10 20 30 40 50 60 TO 
Minutes 

Fig. 13. Digestion of denatured soy inhibitor protein by trypsin and chymo- 
trypsin. 

trypsin (0.4 mg.). The mixture was left at 25°C. Samples of 1 ml. were mixed with 
5 ml. of 5 per cent trichloracetic acid and centrifuged after standing several hours. 
Optical density of supernatant solutions was measured at 280 ran. Corrections were 
made for the density reading of a blank in which a sample was mixed with trichlora- 
cetic add before addition of trypsin or chymotrypsin. The results are shown in 
Fig. 13. 

The rate of digestion was rapid in the initial stage of the reaction and slowed 
considerably at about 50 per cent digestion. The slowing of the digestion may 
be partly due to partial reversal of the substrate to native state at pH 7.6., 
enough to inhibit the proteolytic action of the enzymes, especially that of tryp- 
sin. It may also be due to a hydrolytic change brought about in the soy pro- 
tein on heating in 0.1 u NaOH at 100°C, as evidenced by an increase in cor- 



Published March 20, 1947 



ii. kunoz 305 

rection for the blank (before addition of trypsin) over that of an unheated 
sample. 

Chemical and Physical Properties of Soy Inhibitor 
A summary of sortie of the chemical and physical properties of the soy in- 
hibitor protein is given in Table VI. 

TABLE VI 



Chemical and Physical Properties of Crystalline Soybean Trypsin Inhibitor 



c . 
H 

Elementary analysis in per cent dry weight* <. 

P 

Ash.... 


51.95 
7.16 

16.74 
0.97 
0.00 
0.10 




4.0 




2.2 


Free amino nitrogen, per cent total N\\ 


4.0 


Total Cu-phenol reagent color value, mg. tyrosine equiva- 


0.21 
-105.0 

0.91 
pH 4.5 
24000 ± 3000 
0.07 - 0.08 cm." per day 
at 24°C. 


Optical rotation [a]J per gm. protein per ml. at pH 3.0. . . 
Extinction coefficient at 280 ny» and at pH 3.0. Density 


Isoelectric point 


Molecular weight, by osmotic pressure measurement**. . . 





• Analysis carried out by Dr. A. Elek of The Rockefeller Institute, New York. 

X Kindly determined by Miss Jean Grantham in the laboratory of Dr. E. Brand in the 
Department of Biochemistry, College of Physicians and Surgeons, Columbia University, 
following NaOH hydrolysis by the method of Brand, E., and Kassell, B., /. Biol. Chem., 
1939, 131, 489. 

{ Colorimetric method of R. W. Bates (4). 1 ml. soy Inhibitor containing about 5.0 rag. 
protein + 0.2 ml. 2.5 per cent NaNOi in HiO + 0.5 ml. 5.0 per cent ^dimethyl-amino- 
benzaldehyde in 10 per cent HtS0 4 + 15 ml. concentrated HC1. 

Mixture left for 15 minutes in room then made up to 50 ml. with 50 per cent alcohol 
Color was compared with that of 2.5 mg. of chymotrypsinogen treated in the same manner. 
The tryptophane content was calculated on the basis of 0.055 mg. tryptophane per milligram 
of chymotrypsinogen as determined by Brand and Kassell (5). 

|| Determined by formol titration (6). 

II Method of Herriot (7). 1 ml. containing approximately 1 mg. protein + 0.0025 m 
CuSOi + 8 ml. 0.5 m NaOH + 3 ml. dilute Folin-Ciocalteau's phenol reagent (3) (1 part + 2 
parts of water). The reagent is added drop by drop at a rapid rate. The color developed 
is compared with a similar mixture containing 0.205 mg. of tyrosine. The undiluted Folin- 
Ciocalteau's reagent is supplied by Hartman-Leddon Co., Philadelphia. 

** Method of Northrop and Kunitz (8). Measurements in 0.5 u and 1 m NaCl pH 4.5 
also in 0.5 k MgSO, pH 4.8. 

XX Method of Northrop and Anson (9). 
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Methods 

1. Estimation of Trypsin and Trypsin-Inkibitor Activities. — 

Trypsin activity was measured either by the method of formol titration of gelatin 
or by digestion of casein. 

(a) Gelatin-Formol Method. — The method is essentially the same as described before 
(10). 

Digestion Mixture.—! ml. of trypsin solution containing 0.01 to 0.05 mg. is mixed 
in a 50 mL pyrex tube with 5 ml. of 5 per cent gelatin dissolved in 0.1 m phosphate 
buffer pH 7.6 and left at 35°C. for 20 minutes. The following reagents are then added 
in this order: 

1 ml. formaldehyde, Merck Reagent 

0.5 ml. 0.1 per cent phenolphthalein in 95 per cent alcohol 

2 ml. 0.1 m NaOH 

The mixture is titrated with 0.02 m HC1 to the color of a standard. 

The Color Standard — 

5 ml. 5 per cent gelatin 

1 mL formaldehyde 

amLHjO 

1 drop of 0.1 per cent phenolphthalein 

Several drops of 1 it NaOH to maximum pink color 

A blank is prepared in the same way as the "digestion mixture" except that the 
formaldehyde is added to the gelatin before addition of trypsin. 

It is preferable to adjust the pH of the stock of 5 per cent solution of gelatin with 5 
m NaOH so that the blank should require a titration of about 3 to 4 mL of 0.02 if HC1. 
The range of concentration of trypsin used is such that the highest concentration of 
trypsin requires a titration of 0.5 to 1 mL 0.02 u HCL 

The acid formed in the digestion mixture equals the blank titration value minus the 
titration value for the digestion mixture. 

The method of calculation of tryptic activity is the same as that described for the 
casein method. One [T.U.] G<a ' F ' = 1 milliequivalent acid formed per minute in the 
6 ml. digestion mixture. 

(6) Casein Digestion Method. — A stock solution of casein is made by suspending 1 
gm. of casern (preferably "Hammarsten") in 100 mL 0.1 m Sorensen's phosphate buffer 
pH 7.6. The suspension is heated for 15 minutes in boiling water, thus bringing about 
complete solution of the casein. The solution, designated as 1 per cent casein, is stored 
in the refrigerator and is stable for about a week or longer. Samples of 1 ml. of 1 per 
cent casein are pipetted into 15 ml. pyrex test tubes and placed in a water bath at 
35°C. for about 5 minutes before being used. 

The Trypsin Standard Curve. — One ml. samples of crystalline trypsin dissolved in 
0.0025 m HC1 or in a' suitable buffer solution are added to samples of 1 mL casein at 
intervals of about 1 minute, mixed well, and left at 35°C. for 20 minutes. The solu- 
tions are then poured back and forth into tubes containing 3 ml. of 5 per cent trichlora- 
cetic acid. The precipitates formed are centrifuged after standing 1 hour or longer at 
about 25°C. The concentration of split products in the supernatant solutions is deter- 
mined either by the Cu-phenol reagent method as described in footnote 1| (Table 



Published March 20, 1947 



M. KUNITZ 307 

VI) on page 305 of this paper or by measuring the optical density of the solutions at 
280 m/i. The optical density method is simpler and has been used throughout the 
present studies. The readings are corrected for blank solutions which are prepared by 
mixing 1 ml. of 1 per cent casein solution with 3 ml. of 5 per cent trichloracetic acid 
and then adding 1 ml. of the highest concentration of trypsin tested or 1 ml of the 
buffer solution used in making up the trypsin dilutions. The corrections for blanks 
for the intermediate concentrations of trypsin are calculated by interpolation. The 
readings (corrected for blanks) are plotted as shown in Fig. 14. The plotted curve can 
be used for the determination of tryptic activity of any sample of material by reading 
the milligrams of trypsin corresponding to the corrected optical density reading of the 
sample. The activity is then expressed in terms of the sample of crystalline trypsin 
used for drawing the standard curve. A more general way is to calculate the specific 
activity of the trypsin and then replot the curve in terms of density 05. tryptic units. 




Fig. 14. Standard curve for digestion of casein by trypsin. Optical density at 
280 mp plotted w. milligrams of trypsin protein. 

The tryptic unit is defined as the activity which gives rise, under the conditions de- 
scribed, to an increase of one unit of optical density at 280 per minute digestion, 
and is designated 'as [T.U.] ^ The specific activity of the sample of trypsin used is 
obtained by drawing a straight line tangent to the first part of the curve. In Fig. 14, 
0.25 ,. 

*2i; 0 

activity of the given material, i.e. the activity per microgram trypsin protein, i.e. 

A new curve is then plotted (Fig. 15), the ordinates of which are identical with those 
in Fig. 14, while the ahscissae are expressed in tryptic units, one y being equal to 6 X 
lO -1 rr.U.l 0 **- The data for Fig. 15 are conveniently obtained by reading the densi- 
ties corresponding to ly, 2y, iy, 6y, etc, off the smooth curve of Fig. 14 and then 
plotting these values as ordinates against 6, 12, 24, 36 X 10~' fT.U.] as abscissae. The 
data on the new curve are independent of the purity of the sample of trypsin used and 
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hence it can be employed as a general standard curve for determination of tryptic 
activity, provided the same stock of casein is used and under the same experimental 
conditions of pH, temperature, etc. 

The proteolytic activity of chymotrypsin is determined in the same way as that of 
trypsin. 

(<) Trypsin Inhibitor Activity Measurements—Inhibitor activity is expressed in 
terms of units of trypsin inhibited, and the measurement consists simply in comparing 
the tryptic activity of two samples of trypsin, one containing a definite amount of 
inhibitor and the other sample being free of inhibitor. The difference in the tryptic 
activity of the two samples of trypsin, provided the inhibitor is not in excess, expressed 




Fic. IS. Standard curve for digestion of casein by trypsin. Optical density a I 
280 mit plotted w. tryptic units. 

in [T.U.] or in weight of pure trypsin divided by the weight of the inhibitor used is a 
measure of its specific activity. 

Experimental Procedure.— Samples of 1 ml. containing 50 y trypsin dissolved in 
0.0025 m HC1 were mixed with 1 ml. containing various amounts of soy inhibitor dis- 
solved in 0.0025 u HC1. 1 ml. of each mixture added to 1 ml. of 1 per cent casein pH 
7.6 was digested 20 minutes at 35°C, then mixed with 3 ml. 5 per cent trichloracetic 
acid and treated as described before. The measurements and the calculations are 
given in Table VII. The average specific activity of the inhibitor is about 1.0 when 
expressed in terms of weight of pure trypsin inhibited. 

Crystalline soybean inhibitor because of its stability and purity can be used as a 
convenient standard for assaying samples of trypsin. The reaction with trypsin is 
independent of the method used for measuring the proteolytic activity of trypsin. 
Z. Protein Determination. — 

(a) Total N by Kjeldahl. — The protein concentrations used in this paper were based 
on the total nitrogen determined by a semi-micro Kjeldahl method, 1 mg. of nitrogen 
being equivalent to 6.0 mg. of soybean protein. 

Digestion Mixture— I ml. sample containing 2 to 5 mg. protein + 1 ml. concentrated 
HjSOi + 1 drop selenium ory chloride + 0.25 gm. KjSO* + several alundum chips. 
Digested 5 to 10 minutes in 100 mL pyrex Kjeldahl flask, cooled, and 5 ml.HjO added, 
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then steam distilled in a ground-glass-jointed outfit, in the presence of 5 ml. 30 per cent 
NaOH. 

The distillate is received in a flask containing 5 ml. 0.02 m HQ and is titrated with 
0.02 m NaOH from a burette graduated to 0.01 ml. using methyl red as indicator. 

(6) Colorimclric Method by Means of Cu-Phenol Reagent According to Berriotl at 
Described in Footnote H {Table VI), page 305— The color developed is measured in a 
colorimeter or spectrophotometer at 600 mji. The protein concentration is read on a 
standard curve obtained by plotting colorimeter or density readings vs. known con- 
centrations of protein as determined by the Kjeldahl N method. 

(c) Optical Density Measurement at 280 m*i. — A very convenient way of estimating 
protein in clear solutions is by measuring the ultraviolet light absorption at 280 mp. 
The density readings are proportional to the concentration of protein up to density 



TABLE Vn 
Trypsin Inhibiting Activity of Soy Inhibitor 



Soy inhibitor per ml. 0.5 per cent 


0 


2.5 


5.0 


7.5 


10.0 


U.5 


Optical density at 280 rati 














(corrected for blank) — 


O.SSO 


0.515 


0.455 


0.348 


0.185 


0.008 


10-« [T.U.] C »- read on 














curve, Fig. IS 


75.5 


61.5 


43.7 


25.5 


10.5 


0 


XT* [T.V.]°*- inhibited 














(by difference) 


0 


14.0 


31.8 


50.0 


65.0 


75.5 


Specific activity 10"* [T. 














U.) 0 "- per 7 inhibitor.. . 




5.6 


6.4 


6.7 


6.5 


6.0 




1 7 inhibitor o 


6.2 X 10-» lT.U.l Cu 


» 1.03 7 trypsin 



readings of almost 1.0. The proportionality constant varies, however, with different 
proteins. 

The factors for calculating protein concentration from density measurement at 280 

Soy bean inhibitor 1.10 
Crystalline trypsin 0.585 
Crystalline chymotrypsin 0.500. 

The writer has been assisted in this work by Miss Barbara Brodsky. 
SUMMARY 

A study has been made of the general properties of crystalline soybean tryp- 
sin inhibitor. The soy inhibitor is a stable protein of the globulin type of a 
molecular weight of about 24,000. Its isoelectric point is at pH 4.5. It in- 
hibits the proteolytic action approximately of an equal weight of crystalline 
trypsin by combining with trypsin to form a stable compound. Chymotrypsin 
is only slightly inhibited by soy inhibitor. The reaction between chymotryp- 
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sin and the soy inhibitor consists in the formation of a reversiblydissociable 
compound. 
The inhibitor has no effect on pepsin. 

The inhibiting action of the soybean inhibitor is associated with the native 
state of the protein molecule. Denaturation of the soy protein by heat or acid 
or alkali brings about a proportional decrease in its inhibiting action on trypsin. 
Reversal of denaturation results in a proportional gain in the inhibiting activity. 

Crystalline soy protein when denatured is readily digestible by pepsin, and 
less readily by chymotrypsin and by trypsin. 

Methods are given for measuring trypsin and inhibitor activity and also pro- 
tein concentration with the aid of spectrophotometric density measurements 
at 280 m/x. 
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I, Miri Seiberg, am a Principal Research Fellow in the Skin Biology Technical 
Resource Center at Johnson & Johnson Consumer Companies, Inc. My education 
includes a Ph.D. in Molecular Biology from The Weizmann Institute of Science, 
Rehovot, Israel, in collaboration with Princeton University, Princeton, NJ and a B. S. in 
Life Sciences from Tel-Aviv University, Tel-Aviv, Israel. My curriculum vitae is 
attached hereto as Exhibit 1. 

1 . Soybeans are of high nutritional value, however they have been known to 
possess certain undesirable qualities which limit their use in animal and human nutrition, 
(e.g. Bau HM , Alais C Denaturation and enzymatic proteolysis in vitro of protein 
fractions of soya flour Ann Nutr Aliment. 1975;29(4):351-70). Numerous studies have 
evaluated the effects of technological treatments on the properties of certain soybean 
protein fractions, in order to identify a fraction with nutritional value but no gastro- 
intestinal side effects. (Bau HM , Alais C Denaturation and enzymatic proteolysis in 
vitro of protein fractions of soya flour Ann Nutr Aliment. 1975;29(4):351-70) 

2. Soy products containing soy trypsin inhibitor activity are and were well- 
known to be dangerous for human ingestion. Soy products containing such activity can 
cause gastric distress and even death due to non-absorption of nutrients. In fact, the 
World Health Organization has issued warnings about ingesting uncooked legume 



products for this very reason. Thus, any publications that indicate that a soy or legume 
product is ingestible imply that such a product would not have contained active trypsin 
inhibitors. 

3. Proteins are said to be "denatured" when their physical and physiological 
properties are changed such that they lose their activity. Such change is generally due to 
a change in a protein's chemical structure and/or conformation. Protein denaturation and 
the consequent loss of biological activity are described in biochemistry textbooks (e.g. 
Biochemistry, A. L. Lehninger, 1 975, p.62-63). 

4. The soy products of the compositions of my invention must contain active 
trypsin inhibitors in order to be effective in decreasing phagocytosis or ICAM-1 induction. I 
understand this to mean that they are non-denatured, and cannot be used for nutritional 
consumption. 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of title 
1 8 of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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DECLARATION OF ROBERT ZIVIN, PH.D. 



I, Robert Zivin, am a Corporate Director in the Corporate Office of Science and 
Technology at Johnson & Johnson. My education includes a Ph.D. in Microbiology from 
University of Chicago and a B. S. in Biology from the Northern Illinois University. My 
curriculum vitae is attached hereto as Exhibit 1 . 

1. This Declaration is respectfully submitted to discuss the process of 
denaturation of proteins. Proteins are defined by both (1) their chemical structure, which 
includes its substituent amino acids as well as their unique conformation and (2) their 
biological function. Only when a protein has its unique chemical structure and 
conformation does it exhibit its biological function or activity. 

2. Proteins are made by joining amino acids by a peptide bond, which is 
formed in a reaction between the amino group of one amino acid and the carboxyl group 
of another amino acid. (Messier, P., "Protein Chemistry of Albumen Photographs", 
Topics in Photographic Preservation, Vol. 4, 1991, pp. 124-135, 
http://albumen.stanford.eduV 

3. Proteins have a particular conformation that is characteristic of each 
specific type. This conformation forms as a result of the interactions of the protein's 



component amino acids as they seek the lowest free energy state for the protein. 
(Messier; P., 1991). "Only when in its native, or low energy, state does a protein 
manifest all of its characteristic properties and biological functions..." (Messier, P., 
1991). Thus, conformation is an important aspect of protein structure and identification. 

4. "Protein denaturation" is defined as "the process of altering the native/low 
free energy conformation of a protein." (Messier, P., 1991). Once the protein is 
denatured, by exposure to increased temperature, its characteristic activity is no longer 
present and it cannot be detected in a composition. Denaturation generally only alters the 
conformation of a protein and does not chemically break the peptide bonds. In theory, 
this process may be reversible with some proteins. 

5. However, in the case of most proteins, including those proteins contained 
in soy exhibiting Soy Trypsin Inhibition ("STI") activity, denaturation is irreversible. 
Soy proteins are soluble proteins — they are folded such that their hydrophobic 
substituents are internal to the conformation. Denaturation opens up the conformation, 
exposing the inner hydrophobic substituents. This often causes the denatured proteins to 
precipitate out of solution, removing them from the composition in which they reside. 
However, in any case, the elimination of biological activity is independent of the 
presence or absence of the denatured protein. 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of title 



1 8 of the United. States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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University of Chicago, Chicago, IL Ph.D. 1980 Microbiology 
Northern Illinois University, Dekalb. IL B.S. 1975 Biology 

PROFESSIONAL ORGANIZATIONS: 
Society for Biomolecular Screening 
AAAS • 

ACADEMIC APPOINTMENTS: 

Adjunct Professor, Department of Chemical & Biochemical Engineering, 
Rutgers University, Piscataway, NJ 1995-present 

OUTSIDE ACTIVITIES 

Program Committee, Photonics West-BIOS (SPIE), 1999 & 2000 

Member, Board of Directors, Joint Biotechnology Training Grant, Rutgers U / 

UMDNJ 

External Reviewer, New Jersey Commission on Science & Technology, 1999- 
2003 

Organizing Committee & Session Chairman, IBC ScreenTech 2001-2004, 
Protein Kinases 2002 

EMPLOYMENT: 

1986 - Johnson & Johnson 

2003- Corporate Director, Johnson & Johnson Office on Science and 
Technology 

2002-2003 Team Leader & Research Fellow, J&J PRD 

1999 -2002 Team Leader & Research Fellow, R. W. Johnson PRI 

1995 -1998 Team Leader. Exploratory Technology Team, R. W. Johnson PRI 

1993-1995 Principal Scientist. Growth Factors Team, R. W. Johnson PRI 

1990-1993 Principal Scientist, PRI Biotech, R. W. Johnson PRI 

1989-1990 Senior Scientist, PRI Biotech, R. W. Johnson PRI 

1986-1989 Ortho Diagnostic Systems, Inc. 



Senior Scientist, DNA Probe Diagnostics 

1985 - 1986 Cistron Technology Inc. , Pine Brook, NJ 
Senior Scientist 

1983-1985 Merck & Co. 

West Point, PA 

Senior Research Microbiologist 

1980-1982 National Cancer Institute-Frederick Cancer Research Center 
Frederick, MD - Postdoctoral Fellow 
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D«tetNo.JHP438 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Applicants : Seibeig, et aL 

SerialNo. 09/206,249 An Unit 1651 5 

Tiled : December 7, 1998 Exanmier M. Mefler fj-^ 

For METHOD FOR REGULATING PHAGOCYTOSIS ijjgl 

DECLARATION OF KATHA RINE MARTIN 
I, Katharine Martin, hereby declare; 

1. I am currently employed by Johnson & Johnson Consumer Companies, Inc. in the 
capacity of Manager, Pharmacology. I began employment -with Johnson & Johnson 
Consumer Products, Inc. in 1990 as Scientist, In Vitro Toxicology. 

2. I received a Bachelors of Science degree from the University of Bath in England I 
-am-knowledgeable in-the-area-of protein activity H u e Tn m y experie n ce ui BJgjggical . Sciences, 

3. Prior to 1986, h "was weB- known to those skilled in the art of protein biochemistry 
that the conformation of proteins, particularly their native tertiary and quaternary structure 

an? impnrmnr W «nrti pmtgm<' activity. The term "activity' is defined as a physiological 

process or participation in a biochemical reaction, e.g. the ability of an enzyme to cause a 
modification of substrate. In order to be active, proteins should retain their native structure. 
Proteins will not be active once they are subjected to forces mat tend to disrupt their native 
structure physically or chemically and, thereby, denature them. Forces that can denature 
proteins include, but are not limited to, pH changes, detergents and excessive heating. (See, 
e.g., Biological sciences, 4 ,h edition, Keren and Gould, eds., chapter 3, e.g. p£7, 1986). 

4. Soybeans were first cultivated in Asia as a crop rotation m a tt-ri al (circa 1 134-246 BQ 
(Soybeans, Chemistry, Technology and Utilization, Edited byK. Liu, page 1-3, history, 
1999.). During this time, soybeans -were not consumed as food due to serious gastric 
distress that resulted from eating the raw bean (Soybeans, Chemistry, Technology and 
Utilization, Edited byK. Lb, page 1-3, history, 1999.). Once precipitation and fermentation 
techniques were developed, Soybeans were incorporated into the Chinese diet. Heat 
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inaction of proteins p^ent in the soybean such as Soybean Trypsin Inhibitor CSTT) 
and Bowman-Birklnhibitor CBBI")duiing soybean processing renders soybeans edible 
(reviewed in (Wallace etal., 1971), (Kwoka^Niranjan, 1995). It was known thai the 
observed gastric distil is ^ • 
digestive proteases by the potent serine protease bhibitors, STI and BBL 
5, The negative effects of native STI to the digestive system are heavily documented. 
Sflva et al (1986) documented iwrphological aerations of small intestinal epithelium, 
caused by feeding calves with no ^denatured soy pro^ins. Pancreatic enlargement induced 
by orally ingested STI was documented and studies by Wflsonetal (1978) andKrogdahletal 
(1979) and reviewed by Flavin (1982). limner (1983) summarized similar observance u a 
publication entided "Naturally occurring tcodcants in foods and meir significance in the 
human diet". 

6 These studies and others state that STI should be inactivated when soybeans are 
processed fornutrirional use. Numerous studies were conducted to evaluate the effect of 
processing conditions on the trypsin inhibitory actrviry and digesnbflity of various soy 
preparations (e.g. Wallace etal, 1971, reviewed in Kwoketal, 1995). Today, soy p roducts _ 
n^ed for nutritional use are processed (e.g. pasteurized, fermented, or cooked) in order 
to inactivate STI (see e.g. the book Soybeans, chemistry, technology and utilization, K. Iiu, 
Ed, 1999). „ _ 



I further declare that all statements made herein of my own knowledge are true and 
rJat aU statements macle on infomauon aid 

these statements were made with the knowledge mat willful false statements and the lie so 
rnade are punishable by fine or imprisonment, or both, under Section 1001 of title 18 of the 
United States Code and that such willful false statement mayjeopardize the validity of the 
application or any patent issued thereon. 

■w f.L. x r M 3co2 fcOe.toJc * 

fj Katharine Maron 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 

Miri Seiberg, et al 

Serial No. 09/206,249 

Art Unit: 1651 

Examiner: D.M.NafF 

Attorney Docket No.: JBP438 



METHOD FOR REGULATING 
PHAGOCYTOSIS 



DECLARATION OF MIRI SEIBERG AND STANLEY S. SHAPIRO 
UNDER 37 CJ.R. 8 1.132 

I, Miri Seiberg, do hereby declare that 1 am a Senior Research Fellow for the 
applicant of the above-identified patent application. L Stanley S, Shapiro, do hereby declare that I 
am Vice President of the Corporate Office of Science and Technology for the applicant of the 
above-identified patent application. 

1 . We were two (2) of the inventors of Application No. 09/1 10,409 ("'409 Application"). 

2. We invented the invention claimed in claims 24, 28-36, 38, 40, 44-47 and 58 of the present 
application. Application No. 09/206,249. 

3. The disclosed but not claimed invention of the '409 Application, which is covered by claims 
24, 28-36, 38, 40, 44-47 and 58 of the present application was our invention, and not the 
invention of another. 

We each further declare that all statements made herein of our own individual 
knowledge are true and that all statements made on information and belief are believed to be true, 
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and further that these statements are made with the knowledge that willful false statements and the 
like eo made are punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of 
the United States Code and that such willful false statements may jeopardize the validity of the 
application and any registration resulting therefrom, 

Date: 

MiriSeiberg 

Date-. IImU^ '"^^S"- < X\y— 

Stanley S. Shapiro ^ 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: 

Miri Sobers, etal. 

Serial No. 09/206,249 

Art Unit 16S1 

Examiner D. M- Naff 

Attorney Docket No.: JBP438 



METHOD FOR REGULATING 
PHAGOCYTOSIS 



I, MM Seiberg, do hereby deolaie thai I am * Senior Research Fellow fbr the 
above-identified patent appHcatiro. 

^JiMtton, AjpBconoa No. 09/205,249. 

24^ 28»36, 38, 40, 44*47 and 38 of the' present applicalioo was one invention, and not lhe 
invention of another. 

Weeadefi^dccl^thaiaU 
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Stanley S. Shaptio 



Received from < 215 S51 1420 > at 4/22103 2:1 9:23 PM[Easteni Daylight Timelvo rr t-szTwaeeei 6o:ti ebbz/zz/pb 



Apr-22-2003 02:25po FronHSEO SHrrH 215-85I-142IT T-054 P. 014/032 F-982 



EXHIBIT A 



Received from < 215 851 1420 > at 4/22/03 2:19:23 PM [Eastern Daylight Time] 



Apr-22-2003 02:25pm Frcn-REED 




215-851-1420 




T-054 P. 01 1/032 F-962 



23. (cancelled) 

24. A method of decreasing phagocytosis or ICAM-1 expression in a mammalian cell m need 
thereof, comprising contacting the cell with a therapeutically phagocytosis- or ICAM-1 
decreasing effective amount of soybean milk containing soybean trypsin inhibitor that 
specifically decreases phagocytosis or ICAM-1 expression. 

25. (cancelled) 

28. The method of claim 24, wherein the agent inhibits the PAR-2 pathway. 

29. The method of claim 24, wherein the agent is selected from the group consisting of a soybean 
derivative and a serine protease inhibitor. 

30. The method of claim 29, wherein the agent is selected from the group consisting of soybean 
milk containing soybean trypsin inhibitor. 

31. The method of claim 23 or 24, wherein the mammalian cell is a PAR-2-expressing cell. 

32. The method of claim 31, wherein the mammalian cell is selected from the group consisting of 
a keratinocyte, a fibroblast, and a professional phagocyte. 

33. The method of claim 32, wherein the mammalian cell is a keratinocyte. 

34. The method of claim 32, wherein the mammalian cell is a fibroblast. 

35. The method of claim 32, wherein the mammalian cell is a professional phagocyte. 

36. The method of claim 23 or 24, wherein the mammalian cell is a human cell. 

37. (cancelled) 

38. A method of treating a mammal afflicted with a disorder ameliorated by a decrease in 
phagocytosis or ICAM-1 expression in appropriate cells, which comprises topically administered 
to the cells in need thereof a phagocytosis- or ICAM-1 -decreasing therapeutically effective 
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amount of soybean milk containing soybean trypsin inhibitor that specifically decreases 
phagocytosis or ICAM-1 expression. 

39. (cancelled) 

40. A method of preventing a mammal afflicted with a disorder ameliorated by a decrease in 
phagocytosis or ICAM-1 expression in appropriate cells, which comprises topically 
administering to the cells in need thereof a prophylatically phagocytosis- or ICAM-1 decreasing 
effective amount of soybean milk containing soybean trypsin inhibitor that specifically decreases 
phagocytosis or ICAM-1 expression. 

41. (cancelled) 

44. The method of claim 38 or 40, wherein the agent inhibits the PAR-2 pathway. 

45. The method of claim 38 or 40, wherein the agent is selected from the group consisting of 
soybean milk containing soybean trypsin. 

46. The method of claim 45, wherein the agent is selected from the group consisting of soybean 
milk containing soybean trypsin inhibitor. 

47. The method of claim 37, 38, 39 or 40, wherein the appropriate cells are PAR-2-expressing 
cells. 

48. (cancelled) 

49. (cancelled) 

50. (cancelled) 

51. (cancelled) 

52. (cancelled) 

53. (cancelled) 
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54. (cancelled) 

55. (cancelled) 

56. (cancelled) 

57. (cancelled) 

58. The method of claim 37, 38, 39 or 40, wherein the mammal is a human. 
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Structural and Functional Roles of Aspar&gm 175 in the 
Cysteine Protease Papain* 

CReceivcd Ibr publication. January b, 1S95, u/id in revised fijrm, May 10. .1936) 

Thierry Vemet, Daniel C. Tesster, Jean ChateUior*, Celine Plooife, Tak Sing Lee, 
David Y. Thomas, Andrew C. Storur, and Robert iMnardJ 

Fran Ac BUUtctutology Haiamh InaUiat, National R&cwh Council of Canada, AWnfo/. Quebec H4? 2R2, Canada 



« substrate caxbobens osy-i^-pheayiala- 



The role of the aapuraglne residue in the Cys-Hte-Aan left domain, whiln Hib IC0 ia in a at tho ecrfece of the 

"catalytic triad" of cysteine proteases has been investi- Tight domain of the eiuyma 

gatad by r^placJas Asa 175 1b papalm by alanine aod glu- With the availability of tho thr«o-di»e&6ional atruetaro, 

i alte-dirtrted mutageneuis. The mutants other residues were found 5n tho viciaity of th» active site thfit 
could possibly play important roles in the mechanism of the 

oOect waa (fas renult of a decmaM In , ae neither N ^ ^ =roatn « * Cya-His-Asn triad, which can be 

mutAtion ^ ift^^iy ^ww^ a«h«tr»to b^drolyirifl C0Aai <l<» r *d as bains analogous with the. Ser-His-Asp triad of 

by these mutants is still much taster than tins uuo-csta- MrioE prctoasaa <T5g. X). The side chain of Ami' 75 io buried ic 

lytic rate, aad therefore Am m cannot be considered an a hydrophohu: region of the enryra* ctnapcaerf mainly of resi- 

an essential catalytic residue In the eynetee OTytBiae duoa IW", Val"", Ttp 17T , and Tip 1 ". Residue* 141, 177, and 

papabxJDe tailed oaalynei of the pH acelrlcy protllefl tor 191 ar» located near the ABo m -Hia™» hydrogen bond one can 

both mutant* allow the evaluation, of the role of tho ihiold it from the external solvent An important feature of the 

A»n lre side dusn on the stability of the active site too Asn l ™.HlB ,ra interaction in that the hydrogon bnod io appre*- 

pair aad ou tho Intrinsic activity of the enzymo. Alters imstaly oolinaar with the Hm"™ C B -C bond, allowing rotation ' 

atlas, of the side chain aft position 178 waa also round to of the imidazole ring about the C bond without disruption' 

Increase auM*»tUni and prot eolytic suscepUhUrty of n f the Afla^-Hia"* hydrogen bond. Comparison of reeulta 

^^^T^^t con^r^tf t.t'L^ ^Uographic stud** w*h^ fenW papain 

.^i ^^S^J J^ff 1 ^^ either free or alkylated at the Cys 30 eolfur atom by calaro- 

ural miegprrry of papain. Tho ^ deannstrnted that the. fib. 108 , . 

oido chain can change Its orkmtaUen by about 30° 17). There-' 
fore, it has been AUgsestcd that the role of Abo 1 .™ is to orient 

thfl HiatS* iHA. «-turin -iti ttlX np timirm p ftniKuwe Cw-iFir>i»mi. i^p. 

■ - — of the catalytic mechaniBni. In the resting eteto of theeaayzBe, 

Cyateice proteaao. o« a daw of enzymes requiring the thiol V"» ^° eh f? n r'^lS^J 0 ^ <V " Te ^ aD ^ 

group of a eyaleiiu residue far thai; catalytic activity (11, the dana * n, * luttol1 ' 816 P™t™ntei tmlilazolo ring would rotate to 

additional involvement of an hUtidine residue in the catalytic °f l 5 Sa I J roton tothe nitrogen atom of the leavu^ group 

proeetB waa inferred on kinetic grounds (3). and evidence for the ""ostrate (8X 
the location of an histidina in proximity to the catalytic thiol 
grvop wan. provided initially by tho use of a hift.»cK«™i irre- 
versible inhibitor of papain (3). Th e Cy a K -Hia IM arrangement 

in the catalytic center of papain was established when tho & vaJuo9 wbcpe eaz y m0 "> BCti '». *•>• e^thr atom i» 

tbieo^liinenwniai structure of the enzyme we* solved (4-5). p * eaenk 88 a thtolato anion. It ie now genaraDr accepted that 

mo papain molecule is folded to fdna Iwo interacang domoinB mda cfcainfl aud His 1 ™ passasa unusual pS^, values 

*aVmM*jl a deft at the surfitce of the eazyine. Cy* 2 * and rSs ul> acd thai the active farm of Ibe ereryniB oonaLita of a thiolale- 

tao located at the laterfitec of this cleft on opposite domains of baidazollum Ion pair at neutral pH (B-12). However, (he na- 

the znoiccula; Cys 23 is part oi'tho LI Q-helrt at thu ffuefcee of the turn and nigniGoance of the fartora that arc rcaponaibte fex the 

formation and maintenance of the ion pair within a wide range 

— of pH fbr tho most part remain unknown, and this aspect has 

* This U Publication 3&5S5 of Ae No drool Baeanh Co and] of Can- boen the object of many theoretical atodies ever the years (eee, 

*d»-TbooB ' — ■ - - — ■ — ■ -■ - - - — — 



eoiabuurtion of functional and 



ie the high nuclaophiHcity of the sulfur atom of the 
active site cysteine naodne. This ia doe to the fact that at tho 



■ defamed in part by tho Bef». 13-19). Since tho sido ehaine of Asn ,TS and His* 

■e with ia v\sJc r 1t£i£ h 3£?JSI5?it interact directly via hydrogen bending, one of the obvious roles 

iodxete this bet. " y ofAfln" 6 could be to stabilize tho thloktte-ijnidazoliiiOT form of 

t Proaeo; .lidroK: histiCBt da Biobglo nuteeolairs et udltdUire. papain. It hail b»en sngg^Htud that the proximity of the acUva 

UAcntan cnnuBunochtmla. iS rue a. DucartM, STOW Strasbourg cite cysteine and bistidine residttee couid be ene of the most 

eSw^< aTO? ond.n OB anouid h. ad*™** ffiotetaoolo© ""Kff*! J**""-^** * tbeforn^ of an ion pair 

Rawareb Iaatiaitfl. National AeKorch CooneO of Canada. BlOOAnL afld that P^ton affioabeB of Cys 26 and Hia ,5 ° at the ectrre 

Royalmount, Vrontrdol. Qoebee KiP 2Ka, cimuda. Tel: 6i4^6e-B3l7t rite of papain are strongly aensitive to the geometry of these 

Tax: 614-4DG-6M3. ' - - — -- 



roHidues (IT. 19). ConooqucuUy, Asc l7B eonM stabilize the Ion 
16645 

BEST AVAILABLE Cfc^u, 
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Bole of the Papain Active Site ten" 

Th» onwrum* used for too feinotie tWurcarUutioo wcro further p-JriSfid 
by unolcnt ehrociategTHplw wan* n Uriopropji-Sepburaoe cohana O 1). 
Xinftiem Tmvmibta Thermal /rMtrnWiun--Tbx hifletiea of irro- 



deoenhftd proriootry (22). Partially purified papain praparatiuns usee 
above) were adjusted to pE 8i> with 100 mu phosphate bufi&x mJ 
HfOl, uddod to 5 not They wot incubated at AS °C far 0-60 nrin, and 
the retinal papain activity was measured. The Tlj, ralua (the time at 
which the enayrae has loot half cf ita oeHviey) was datermirtcd fton the 
Itopa cf the lincarirrd form of ttea data (M. 
Aggngata/SalBbl* Pnamor PartMauBg and Suta-jtHlaUty ta Pro- 
Total yaasl extracts (3 mD we prepared Irani ?G 
B>v __ under the errcdlttaca defined above. PrccEsaing of 
was piwutea wilt ai ioj of kV64 U-iKW^'^-cpaxylinod- 
a;l>^ka^Ouciiia>^-guamdui9)butEU») (29). Th» extract won deglyoo- 
^ylated by inrabalion tor 2 1 at H7 *C in tho pnecaao of SB mM sodium 
acetate buffer, pH S. S, 200 a»« pVajereaptoethancl, on<i EC nuBiunitstei] 
... _ emdcglycoeldaoe H CBoohriaJw MumiWi). An aliquot of the mirfnre 

& rj waa oentriftjaad m IS, 000 X g Tor 5 mio. TJ» wperjiiilairtwiv! recovered 

cad tho p«Uet wul ranupilKled ro2D0 jdrfphcepbato buffer, pE 6.6. 
Aanl 75 An aBquot of tha pellet ond ■uparnnnmi d«glyco»jlat«l Bcnrtteas vas 

rm t " . n .i^. »<».. ^ ,^,„h. annlyMd by Western bin: prior to or following mcubirtiun with 0.1 

SntT!eT£eBnt«^ wore planned using two row4, «r,tfcen daierttan v^irao^ 

< 7 ). . I„ &T«(«tol s tractor* tie cy.be in. i» oraiiied, 0*4 of tho protein in SD3^»Vyi«yiajnlBo 0c) el^pboreas. Motor* Mid 

therofim Qte prooso relative odcntoUoas or the Cyar" and Hi* 1 " *ino iwenryme farm* of papain vara downed with m antt-pspsm roMnt 
A.!., m the Bon-oxidiad myzitt «n5rjiii differ from the iHnetwted polycktt&I enabody (24}. j»apaSft-ftOtlbody wnmptapw ottb labeled with 

ixo-Ubebjd protefa A {Aausrenniu Carp. ) and vtaaalired by outoradliijf 



V:t ing tha role d the (mparagine meutas in the aitalyfic triad of - — 

eysteane probia«i6a. In a prr nTr.inary study utdng random ntQ- 

tftgeneda hji«J ocrooning of mutantB, we have ahown Qua re- . , . 

i& p lpwymtCTt nf Ann'" hy Mvoral amino anda rcBnlta in a^ignif- paed as t sobstraw. Tho renctino cuaditicas ewdsiod of 5« m- 

tit leant Iftoa or activity (20). Howovsr, clw. to the ndaiivajy low phaK, bufTer. 0.2 a NaCL8 nm EyTA^o* CI^CN. P H ^5. Forthe 
6CO«tivity of the aaaay, tWo iystcm can unnrahiguiiiiflly dai«!t ^^^^ ^ £ D ^^t,, cCmnnX r a tio n W k'ep; wall 
.•{i only mutants With activity similar to wild-type papain In ^ ^ p^oetera at optemiun pH <«.51 otb 

addition, aazyme inactiration could occur far mutant enzymns a^^^h hy Hn.nr mgrn^imi nf thn iahUI rata <o) data to otott of t/g 
\iz that bave a decreoaod stability under the rolattvary drastic vmun < [H»n»» >Jou>. The j>H activity prafUra »ctt rusolyred according 

f?f: - oonditioiisxiseiito octivfito th« oiiryroe precursors 0ow pH and to th«- model of%P<xiU™ 1 by no<i linear regreBskm oJ"tlio d«to w Um 
|| hi^i temperatur&X The screaning aygcoci we used canaot imnispgni^ eo^utton (Bquatian lj. . 

:|. readily dietineiriah bctWEsn a drxrrnaaa in catalytic octivity and ' _£» 

it o cterrooic in protein stability. In thifl study, the rok of Asn 1 ' 1 SH e — ,£H^=B 

>>> at tb« ucti¥o iiite of cystcice proteadGS wan inrfstigated by a 

detailed hilSOtJc end nmetianHl riiarMrturlzatkxi of papaio im>- i IKJKtf* 

tfflyt^ Mutation of Aah^to c cjhjtaxnxnB wso duo to our 

previous .obaerrotioc that this xnotacion. Rjanerntoa an euutyme 
W that roHJlna fomo ortrvity (20), i"\<Jicattlg thnt th« consarvativB 

asubstitatian of Asa 178 by Gm is tolerated in the active site, of 
! :% papain. Complete removal of the hydrogen banding capability 

of the aide chaia of rasidiie 175 waa act^pUaltfid by an Aaa 1 ™ 
-» Ala change, 
;in ESTEEIMENTAl, TBtXtBTArBRS 

1? wag a French pn*J (20,000 p jiJ.) «ji J tho cuDalw debrifl removed by ^^'^s^ 



^p^pl^p^^^^aa^ « abaia »U. and »* of HLr™. The .txuetar™ 
icodc 8o% arnnrrrjim guh^to and kept at 4 -C overnight Thia «uapo- 

aton wai ccntrifujod al 22^00 x « lhr 20 mm nod tho protein pclha ■ 

rssaspended in i,wi of 203 ttM oodium aeotata, 1 ran JKDXA, pH 6.8. » The abhreviationi u«cd arc: Gil-Klt-ArB^CA, cnrboblKlKwy.^ 

This yrafiartitiaii was oaod to cMtdrrnind tha protein half .Ufa (boo hcfo«r>. phet^Unyl^7'aailno-4-lIietbyl<ma^^ WT, wAd-grpa. 
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WBd type Asn17SGtn Asn175Ate Cys25Ser 




FW.2. £ . _ . 

(Butaotn between pellet and anperao- 
Uet asd ««naitrvlty to proteolytle 
doCradaflcn by rmhtiHaln. Pom I A, w 
tcra diagram of Western blot for the pellet 
fraction CP> nod tits aiipoinntmt fraction 
tS[) before (-) end after (+) txtatmem: 
with ouMilijin. Tiic sourcs of too Gamplo 
tfl IndteMedaJ^eeMhiMiM of four *om- 

("Mpapola U> indicated in toe /-ir/Ai mareb* 
rf tie autcnHBaguim, Panrt B, Woofrrun 
repreaoaUng ttn> relative lcrola of ineolu- 
M»CP-)to«ataol» (3-) - 




ig ef tie ccetanoda Nil, group, which csn bo 
either in prtwfanitv cfTtp*™ arttHYp" 1 (structure 1} ororimUxi toward 
'us iator&ics botween the two domains of papain when it can brm a 
rdrojpn bond with the side chain at Sax"" (stnictnra 2). KtxA uao gf 
*»e two conformations was ensig^minimlaBd to an srlampt n predict 
one orientation rauld he flivororl aver the user. CoDrbmuridiul 
im-gina were calculated using tho AMBER {bit* Add «<1 mxtJjil 
charges. A distnncB-dopcodont dielectric constant, r.-r, 

--aaateofa0A.T3iBmini 

no gradient of 0.05. Enei 

. „ Bruited by a 12-A sphere arouoa too C" atom 

tS&n™. whlln atauA within s annus armurut tho ttaio C atom 
to during the m l nhn i rmte a. Tho cBffurence in energy 
e euro minimized sertiettmw was 2.0 tcsMnol in fevor of 
. However, thia value i» dona hvf" 



ha ruled out Fox oBactan, l, the torBtennl angles of the Gla™ aide 
cSain ar» * « -1 15.77. £ - l&XSd. = -119.87.*, = -K*88, und*. 
iei. - 77.61, and the ffln*"> CMCa 1 " K°H distance is 2.77 A. Wlin this 

ooofnmigtinm, the nrptamlrta H atoms of Qin"» are nnaitioiiad to fotar- 
a^Tiiit>««Vim-«.bi.^«^t>..« Mm <ry r i <Tp )i nnr(B jg am , rr r p* JT imilTTp ,J ") 
In th> alternate atroctiue iatractm 2), <> s -11633. ? - -179.33. >. 
= -120-2fl, xa - -67.8S, and x, - -*1A&, and the Gm" 1 O"** 34 
N«Hd!»lapo»U2.T8A. 

KK3ULTS 

PSUet i Supernatant fartitumiag and Prolan* Swaxplibiltiy 
of Prppopain — We have investigated the consequences of re- 
placing Am 17 ' upon the oUVty nf the protein to be detected as 
a molecule with native properties. During the course of purify- 
ing papain, vrc observed that tho yield oTmatvre papain recov- 
ered following In vitro trans-aeUvatioa waa much lower for 
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omuiats at position 175 than tar fro wild-typo enzyme. Using 
Western blot analyBia, we have shown nrcyimuly that the total 
amount of propapain produced was not affected by the crata- 
riimn (22). Tbercforo, Ute diBBrenees la yield are not con«a- 
quonoaa of v&riatindA in the bmwcriptbn or translation eflt- 
ejaney or intraraDular inatahiliiy of tb«pT«tirijia.Tho rednction 
in yield, which is more pranonncBd ibr the Am 17 * -* Ala mu- 
tant, could, however, reflect aa increased wMonptihihty to pra- 
teorytin degradation by enhtiliaia is tho atHwtim atep for tho 
uautanta. This suggests that eomo of the molecules may not be 
properly folded. Since unfolded proteins an often found to 
oggrefrate (26), we have measured the notability uf propapain 
mutants aad the scnMrivity of soluble and insoluble fractions to 
degradation by anbtiliiria In the praams of exogerurue pro- 
teases, the 38-kSa wfld-type propapain is fully eonvutad inta 
24-kDa mature papain (23). This limited proteolytic processing 
can be easily distinguished Iron: more extensive and leas spe- 
cific degradation of tin folded mutants. A large jai t ip t irU aa of 
propapain mntanta at poaiiioQ 175 is found in the pellet trac- 
tion (Me- 2A, lanes P-), t>M effect baing more prfmtminrod far 
Ute Asn 17B -*■ Ala mutant. The pellet fraction is corapletcly 
degraded by «Tjbtirinin (Fig. 24, lanes P+), wbereaa tho soluble 
fraotun (Ffg. 24. lanes S-) is fully converted to mature papain 
(Fig. 2A, lanes 3+). The ratio of aggregated to eolubtc fracdoi] 



rnutanta, refcpeetivBly. The Oye" -* Set mutant was userl a; 
control and has a behavior similar to that of •il4 r trp© proj 
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Time of Incubation (mln) 



H^S^rt wSn^S. bvcuWit 82 "C !br vjrrinu. p*rodi of time 4.54 for wild-type papoto (sae Tablo I> 



Abo 170 — Ala mutants is illustrated in iTg. 4 (A and 3, respec- 
tively}. Toe pH activity profiles of the mutants ai* jrisnlfic&nity 
narrower than that of wiM-iype papain vcpreaenwd a 
U<il fine in the figures), particularly in the ease cf too 
Aan 1 *" 1 -* Ala mutan'. Once again, nmlacemsnt ofAac. ,7B by an 
ulanKM' has a more pronounced cfBsct than mutation to a glu- 
tomtac. Tao pH activity orofiJeo fifths mutant onaynuss can be 
fitted to an equation describing a model Where two pK^ values 
(i.e. two JouUbWo groups) are coroddered, one for each limb cf 
the bell-shaped proSa. For tho wAd-type earjnne, the profile Is 
beet described by a throe-pa^, model, the additional iarnsehle 
group influencing tho activity of tho enzyme only in the low pH 
region (21). Duo to tie precision of oar eacpcrtmiintal mesauro- 
ntente with the nralact enzpmes, we cannot rule out tib£ pos- 
nibflixy that a third ™ttw(iM« group also modolatea the acLUlty 
in the odd Bmb of the pH activity profiles (or the tmttanto. 
However, thia group would have only a small effect on activity, 
a* observed with wild-type enzyme (21). In addition, sinee the 
low pB Ibab of the profile for the mutant enaymeu is displaced 
to hi^xar pH valoca, the third ifloizahlB group might not mod- 
ulate the activity in the pH range where the Aon 175 -► Ala and 
-»Gln mutants are active. The value- of pJClf", whuh la 



PMeadorM - sod the Aen 1 ™ -*Ala. Similarly, pS#* i* seen to di 

« m wild-typo papain » 7.75 to the- Abb 17 " 
variant. Those variations in the p£V values of the ionimblfi 



ignifieantly 

kv»ltfremsmiM«tWty WManoainr^ tw,,* s AH in wilo-Woa nanain W 7.75 to thvAsn 17 * — A" 

of throe (Aw lw omtarrta) nr two iwfld-tyBd IndBpondant r» 

I that modulate (he activity of papain era the largest 
(Fis 2. A and iJ). Thus, tie partitioning of propayaln ooaerved so tar with mutants of this uuzyme. 

soluble, pretea»o.«sietan» fractions and insoluble, Considovtio™ on the StubilUy of the ThMaie-lmdanlwm 
protaase-suseeptibla fractions is markedly altered by the ra- ? Qrm . of Papain -it is eenarany ece^ited^hat th*^™ 



placement of Aso 1 " . r-r— ■ 

Tie previous results susgwl rmitatioa at position 175 stability of Ihifl ion pair ia.cenaidered to be very seiunfave. to Its 

has a detrimental effect upon the ability of the proenzyme to environment In the present study, a perturbation of the »or. 

foM io the eel but that, when the protein is folds*, rt becomes pair is a hTtely possibility, nines Ann 1 ™ mteraeta directly with . 
reeiBtart" to proteolytic degradation: Hnwovor, subliliam can of i to members. The O" atom of Asn m is hydrogen-bonded 

aelactively rercove tho pro region eftitt procuraor and rdeono to of ffis 18 *, Cmd Una mteraetioa oonld be hnportant.fcr 

rnataw active papain. To detenatoe if mutatioae at position stabilizaticm of the thiolate-tfrddaioKmn ion pair form of the . 

175 affect the Btabffisy of mature papain, we have measured urtivc site realdnoa in cyeteino urotecsea. it hao boon shown 

the rata of thermal inactivstion of popain mutants ae defined previously that any factor iafUwneina- the ion pair etabibty wul . 

nraviouBly (22). The mature exoyme is knoivn to be highly casiieauontly have an offset ou tho observnd activity V'aif 

citable to thermal iuaenvation, ae shown by the balf-afc Of ST v y*1 of Ae enzyme (27). In tho »ame ewdy, it was also ahovra 

± o5 mia measured for wilrMype papain at, 82 "C. For the that-uRing certain naoumptiona. tho effact of a mutation on ion 

Aao"" -» Gui and Asn 17 " -> Ala mutaate, tha halHifc timaa at p a j r stability and an the ; I ntrtaaic activity C*^^) «f papain 
62 "C are 7.3 s 0.8 mm and 4.0 £ 0.9 min, respectively (Fig. S), diwoctod out by a daLafled Hnalyaifl of the pH activity 

indicating -that the mntatkms also have an effect on the ther- profile. 

mat stability of the mature enzyme. The model introduned to eBtabaalt the relationship between 

Eirurtic Chonchiriattionr-The papain mutento Aon 1 ™ the atahiKry of tha thkOate-imidatoliam ion pair and tfcc meae- 
Gln and Aan ,1fi -» Ala uBod for kinetic characters t\U«a were ]^avtic partuqetcre has not been applied ao far to the 

parifled by covalent affmity chromatcgraphy. The Idnstlc pa- characteriznticn of mutations involving directly one of tho ae> 

rametcre at optimum pH (6.5) for hydrolyeiB of Cb»-Pho-Arg- fro site residues (Cya* 5 , His 168 , or Aan 17 ";. To be opplieahlo to 

MCA by the Aen 1 ™ mutants and wild-typo papain are givon in ^ analysia of mutationa at pooition 175 of papain, the equa- 

Table L Removal of the Aan 176 side chain by replacing nspar- tiana deduced tram the modal need to bo expanded. la ita 

aghio by «n p l^"» residue Uads to a maxked lEO-fold da» aimplestform, the model defleribing the ionization pathways of 

crease in (M^JKxT*" at pH e.C. This effect on activity aw bo the active site residues Ifl rcpreaentofl in Tie, 5. The four pro- 

entirely attributed to a decrease in which is 0M a"' fcr nmation atatee of the active aitc roaiduiia are considered, and 

tha mutant Aim* 7 * — Aln aa esmparod te 41.6 a~* for wileVtype ^, { B no oa,iuhbrium conebinl need to deserihe the conversion of 

papain. Mutation of residue 176 to an alesine therefore has a the neutral form (-SH, -fen) to the ion pair form (-& ', 

maiknd effect on the activity of pepsin. However, if tho Aan 178 -ImH*) of these residues. In tho previous study (27), equations 

residua is replaced by a clutomine, Ota hmotic parameter* for ww « derived -"""'"g that the diflference between pK, and 

the mutant ehow relaUvely Uttte devicitioit. from tlioee of wild- jjr^ the intrinsic pf£, values &t Oe ionization of Gyr 6 end 

type. The Ik^/gjgy** value ibr Aan"" -► Gin in 135 X 10" M" 1 His"" in abaenee of factors otabilizmg the inn pair, ia the BSme 

g », a value only 3-4-fold lower tun rtiat of wUd-type enzyme. f m both wild-type and mutant emsymes. In the preeent study, 

Replacing an Asn by n Gin can b* cnaaidcrcd or an insartuin of this condition io cot coce&usrily met and a mora j»Erieral equa- ■ 

■a. methylerie group in the aide chain of tbe Asa residue, non has to be introduced (Equation 2), 



t* of a thioleta-ii 



ium. ion pair 09-12). Tha 



WpK-2 - log(^~) ^ 
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Kmajeparameunft* hjdrolftia ofCSK-^ha-ArtfltOA hj pupatn QgrtanU 



WOd-typr" 
Asn"» — A 



41.8 * BJJ O.0S9 » 0.006 
0.38 s 0.15 0.124 X 0.042 
193 4 4.5 0.1 ~ 



4&1S44 

a.os * o^o 

135 2.27 




. — . __ja qT.16 And 4.54 (40). The Mibcst (jflhfl two 

modulaUnc ths eedvity for die mutant enitynet mid >iu therefore 




Fn.4. pH depend™* of VtcJKJf** ftr the jW" -« can. 
(panel A) and Aan m -* AU (panel B) mutants. The sofa* foe 
represents the best fie to Reaction 1, obtninod by rmnKnoar regrcwloa of 
the data to Equation 1. The cmcupundiag pH scthray jmfila fet- w<ld. 
type papain is included fcr cmnpuiwn (riathed tarn). 

where adpff - (pK$- - pSfX^ - fptCj* - pff*")^ the 
vnriation. Id width of the pH activity profile on smog, fWrm 



stability (£.«. -loaOrB^/fliwx)) is ebaulaiad far value* cf 
(ApK, -ApK,) fanning from - 1 to + X, It ta evident from Fig. 64 
that the value of determined from AipK ie rtrongly 

dependent on (ipiC, - AuKj). It can be sean alBO that the 
narrowing of the pH activity profile reacheB a maximum when 
tho ion. pair is destahillrod approximately 100-fold or more (i.e. 
kg(/r l , Bad /Ai iW7 ) fe2>. Further reduction In 1cm pair stability 
Mft not load to additional narrowing of tbe proEo, and when 
the pK activity profile of a mutant enzyme reocheB this tfaoa. 
rotical mjurinium value cf /Jipk, it is only posm'blc to put a 
higher Unit to the value oFK Hnvr However, the relationship 
between Ot t tJlC M i im and JSTj is linear when the Ion pair Is 
afeniftcsntiy destahilized (fig. SB), rndieatinc that perturbs- 
ttim of the kxa pair win contribute to a decrease in iA^/Kuf" 
even put the limit where so further efibct 6a pH activity 
profiloe id disoBroxble. Therefore, caution has to bo used when 
to of pH activity roeagureawnts in terms of 
perturbation of tha. stability of the ion pair form of ths activa 



pfl^wx) and AuK, = (pK^,, - pKr.Tr) are the variations in the 
intrinsic pK. values, $K a and pa^, resulting ftnm the mutation: 
Komm and -*Wt represent the equilibrium constant JT a for the 
mutant and wild-type enzymes, respectively. Since th* value ef 
Cap!*.- ApiT 3 l could no a -negligible, it taay partially mri 
or ampltty the effect of a variation in on the width of a pH 
activity profile. In Ffg. OA, the variation ofaApff with ion pair 
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It is important to dissect out 
stability to tho measured kinetic parameters when trying to 
elucidate Dm rale of Aan ITS in the catalytic mechanism of pa- 
pain. From the above eonsidararJona, it ie obvious that this 
cannot be accomplished in a straightforward manner to yield n 
definitive answer. However, the date, can be interpreted to 
define limits to th« contribution of Asn" B to various aspects of 
the catalytic Tocchanism. With tie Aan 176 -*■ Gin mutant, the 
hydrogen hand between the aide chains of real does 17S and 159 
is bcli cY t*i to be mnfritnTned Csee below), and in a first approx- 
imation we can consider that topK« - ApKg) = 0 for this 
mutant Since AapR* - -1.07 for Asn 1 ' 0 -* Gta. iTahle J), wo 
«n calculate thatj^,, - 0.68 and rrjplascmetit of Asa 1711 bj a 
ee a 7.6-fold dnetabitlEarian efthfraan pair form 
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O.S 1.0 1.8 2-0 



Panel A, ttJ«- 
of a pH oetivHy profile ClA(JD 
e perturtatioo Of In pair arahJHty ftr varlcaa vsJuon of (ApK, - 
Abu* B, niLnHahfihip between the ' — '— '— "- ' — 




apsy. 

tally df 

ycdvity profilas) and 

compared to wild-type papain. Knowing the effect of ihe mntix- 
fion on the ion pair stability, we eon now calculate the effect on 
the intrinsic activity of the enzyme. Ho do this, we cad ubh the 
nrcvicuar/ deteonlned equation (Equation 3), 

when f fepnwante the eflect of a mutation on the intrinsic 
activity of the enayme (is. the ratio of the intrinsic k tx ^K kl tar 
mutant over wild-type papain), it the intrinsic 

value tfh^jKu for wild-type papain, and C&WlKkwtt + 1)1 
reflects how the pertorhation of K a resnlting from a mutation 
will affect the measured speci fi c i ty coaat au t (27). For Asa m -» 
Gin,' /" = 0.67 (Trtrie UX indicating thai tho intrinsie activity of 
the mutant is only 1 Jo-Mi. lower then that of wild-type papain. 

To account for the powibllity that (apit, - Apit,) might not 
be negligible for tho Asa" 5 — Qln mutant, limits can bo put on 



the coatributton of Asa™ to the catalytic moeh ttnimn by com- 
mdating that ion pair destahihiatum is responsible for none or 
all of the observed variation in activity. In the first case where 
the stability of the ion pah* is oonsidared not tc be affected by 
the mutation, Xbm - 4.4 and the decrease in activity is dne in 
totality to a decrease in intrinsie activity ef the eniysie. With 
•SAnE = -1.07, we can calculate (ApKt - ApK,) and / using 
Bcrnatkma 2 and 8, respectively. In tho tMcond limiting case, we 
consider that all of the effect an the experimentally determined 
specificity con stent originates from a perturbation of the ion 
pair and that mutation of Asn 1TIS to Gin haa noinflTienceoa tho 
intrinsic activity of the enzyme, ie. f " 1. The results uainC 
both assumptions, given In Table 11, placo reasonable limifa on 
the magnitude of the effect that imitation of Ann" 5 to a glnte- 
nnna can have on tho iDWinsic activity and «n the ion pair 
stability of papain (assuming of course that the Aon 1 ** — • Gin 
mutation does not stabilize tho thiolntc^midazolre>n) ion pair or 
Increaac the intrinsic activity of the anayroo). It can be Been in 
Table H that the conclusions aro ai/nHar to when the vnriolioc 
in Up£, — ApXa) was considered nogligOiK Lt. the mutation 
has only a anaQ effect on ion pah* atability. end/or intrinsic 
activity. 

For the Ami 178 -* Ala mutant, only the two limiting cams 
were considered sinee the probability that the vaJ ne of CApST* - 
Ap*») i» affected by the mutation, is much higher, in the Gtst 
limiting ease (no effect on ten pair stability), the value of T = 
0.0072 indicates that the intrinsic activity of the mutant Aan 1 ' 1 
-» Ala is lower than that of papain by a factor of no mare than 
14a By amsidermg.thzrt tho mutation has no eBtect on intruude 
activi ry (case 2). " 043060, a valve 735 times lower than 
that of wild-type papain, which pieces an upper limit to the ion 
pair dcstabilication upon mu tation of Aan"* to Alii. 



The rolo or tho asparsfijne residue in tho Cys-Hls-Asn "cat- 
alytic triad* of cyittolne proteases haa been investigated by 
replacing Asm 174 in papain with an alanine or a Bjutumine 
residue by site-di recte d mnbigenesis. The kinetic data obtained 
wife the substrata Cbz-Phc-Arg-MCA indicate that Asn" 0 . con 
be replaced by a Gin residue without major changsa in thn 
Bpedncity constant Ik^EuY**, while mutation to an Ala res- 
idue leads to a 150-fold decrease in activity. The aide chain of a 
•didnnrino retains the possibility of forming a hydiogon bond 
with the side chain of His 155 and the Meter activity of the 
Aan 170 -» Gin mutant compared to.Asn 170 — Ala could be 
explained by the exfetanoa of such a hydrogen bond. Caroputor 
medeliDs; indeed su*sest» that the hydrogen bond distances 
between the side chain amide of reaidoe 175 and His"* 1 In 
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wild-type papain can be maintained in die Asn 1 ' 5 -» Gttn cju- 
UnU Wben the possibility of residue 175 terming sncii a hydro- 
gen bond to Wa"° is remaned, to. by mutating Acn m to on 
olnrino, tho cutulyUc (ifflrimn' te /educed by about 2 orders of 
maenihrfc. However, the Aan ire -» Ala mutant still hydroijrzea 
tie substrate Cbz-Ffae-ArgMCA at Q rata much higher than tho 
ntm-eatolvtic rate; therefore, Asa 1 ' 8 cannot lie considered es on 
essential catalytic residua in the cysteine protease papain 

A Bieniflcupt fraction uf papain exists with Hie Cys 23 and 
His 1 * 3 reHidaaa an an iot pair at neutral pit, end from theoret- 
ical canaiderutioaD Asn has " 
thiol 



alium tea pair at the active site of papain (10}. 
For a linaur peptide A ftr.* 0 *™**^ ncm-interaiicig cysteine and 
bustidino residues, ifif^j, is used to designate the ratio of the 
concentration of the peptide where both aido chains are ionized 
to tha ronrpn taxation where both si da chains are neutral, then it 
con ba shown that logtKbi) (p&* A His - pA" 0 Cyal By wring 
9.1 and 6.4 for the vanes of cysteine and bJatMine, respec- 
tively (28), we obtain a vatae of 0.0030 far /fcu, Thu vain k of the 
oorrespoodingeoojlihriiua constant in papain between the ion 
pair form sad the neutral form of the octivc site residues has 
bees estimated at 4.4 (27). Thorcftre, in wOd-type papain the 
ion pair is approximately 2200-fold mere stable than if the Cy» 
and His residues were non-mttrcEticg in a linear peptide \XJ 
Ken in Table II). The mutation of Asn" s to Gin is accompanied 
by an 8-lbld decrease in the stability of the thiolate-uoidBZO- 
llum ion pah-. Once flio ton pair is Gamed, there 4b virtually no 
dnftrencit in activity between Ass™ -* Oln and wfld-rype 
papain <f= 0.87), suggesting that the advantage of bavins an 
Asn at position 175 over a Gin is mainly to stabilise the ion' 
pair. If lhmttag eases ore considered, the value of Jf 5 can 
decrease by up to 1 Wold while the eSfect on intrinsic activity in 
of nooore tbun3-io)d</'<" 0.30). For the Asn. 170 Ala mutant, 
a m^r perturbation (narrowing) of the pH activity pmOla is 
observed and the kinetic data can only be need to put limits » 
th» magnitude of the effects en lntrinsie activity and ion pair 
stability. For example, if the replacement of Ann 170 by on 
alanine 'has a negligible effect on the intrinsic activity of the 
enxymu (case 2 in Table □), the ion pair stability would be 
decr»aved by 735- fold (&^ = 0,0060 compared to 4.4 for wild- 
type papain), to a value of JE,, that is only 3 times that of for 
non-nrterectixig residues in a linear peptide. Far cane 1, where 
tho decrease in observed activity ia suggvuted to be entirely doe 
to a decrease in mUricaie fletivrty, the mutation would hnva no 
eSeet on ion pair stability. It most be no tod, ho waver, that in 
unriting case 1, a relatively high van* of (ApK, - ipKJ - 
—1.83 1b Deeded to account for the experimental data. It ia most 
lOtely that the variations in kinetic parameters obenrrodftrthc 
Am" 0 -» Ala mutation are the result of a cembmstion of effects 
a ion pair gtabflltjy and-iatrinsic activity', Lb. -intermediate 



As discussed obevo, it is difficult to dissect out the relative 
cflcct of the mutation on ion pair EtabHUy and intrinsic activity 
for the Asn ITB — Ala mutant. However, it is interesting bo note 
that, according to tho model linking ion pair stability to pEC 
activity profilca (27), we Wttuld expect a strong perturbation in 
ton pair stability to be acco m panted by an important narrowing 
of the pH activity profile. The quantitative interpretation ofpfT 
activity data depends, however, on the < 

pi?, values to active- eite groupe of the e _ 

possibility that tho increase in h*JK M nt low pH shown io Tig. 
4 could be the remit of iomzadooB other than that of Cya™ in 
the papain molecule was raised (29). If this i» the case, the pi^ 
values measured would nut reflect ion puir formation. Champm 
in the pH Activity proflle would be the result af variations in 
reactivity of different proteinic farms of the ensyme, without 



variation*! in tiu» pS^ values of the groups that modoiat* activ- 
ity. This model is relatively complex and requires a large num- 
ber of paramelAra to describe the pH artivrty jwrjfaea. Enm 
thonph this possibility cannot be ruled out ra^mvacally, wo 
believe that ion pair deBtaAnfizaitan loading a> narrowing ofpll 
activity profilaa ia tbe moat lihjy explanation for our results. 
Tha fact that both the add limb anil basic limb pJf„ values are 

of a perturbation of ion pair mamhty. ? p^aWe'fbnt not 
aecewmry) conseqtwnca of lnu pair de stabilization is that both 
tho add and basic limbs wll be afivctvd. Even though tho 
afl8ignm«a!t of the iontiatian of Cys* 4 to either one of tho two 
pfi^ value* ebaerved m the acid limb of tho pH activity pro£le 
for the wild-type emymo cannot be mads usambiguouBly, as 
coscluded providaaly (27), the data presented for Buuaon of 
Asp"" by Menard el oi (27) and for xautanto nT Am 175 (this 
paper) can all be rationally explained by considering electro- 
static effects nnd. ion pair pcrtuzbatkm on a relatively staple 
model censiduring in a first approximation only ana active form 
of the ensyme and three iouizable groups. Although more eom- 
plax eomlanations eannot be ruled out, wo cantinue to fevar the 
simplest modal that {uDy accouatii for the expenmental rasalm 
presented in this report and all related reports ertganatiaE from 
this loberatary. ExperimenlB are in progress, however; to clar- 
ify tbis point. 

The geometry of the active site Cve-Hia^Asn refiidueo m 
cystaiEa protsafies ia very aimBar to that cf tha tttrrejpanding 
Ser-His-Aep reeiduee fonniag the catalytic triad Of serine pro- 
teases (30). Seplacemeet of the Asa 1 " 1 side chain in papain by 
that of an Ala renidue Is evaluated bo decrease the intrinsio 
activity of tha enzyme by' a iacur of no more than 140. For ' 
serine proteoses, mutation of tbe Asp residue to Ala (for jmb- 
tillsin) and Ser (for tryprtn) resulted in apprmdjnatoly lO^fbld 
reductions in emymatie activity (31, 92). However, an Asp 103 
-» Asn mutant of trypsin displayed only 10*- to 10°-fo!d ds* 
crBaees in activity, depending en the nature of the leaving 
group cf the tabBtrate 031 This latter mutation is peeulmrin 
that tb9 side chain can form a hydrogen band with the active 
site His ce&idno (S4). hi addition, it hoe been showo that even 
though the presence of the negative ahargB adjacent to His" 7 in 
trypsin is important Jar activity, ite prnciae location is not 
critical. Endtmd, an ate-mate geometry for the catalytic triad cf 
serine proteases hoc been proposed {92). The latter ^o rennltB 

serine proteose* ore toleteled. 

The mamutzme of the apparent contribution to enzymatic 
activity of the Ami residua in eysiftjne proteases snd tbe corre- 
sponding Asp residue in serine proteases may reflect basic 
differences ia the catalytic mechanism of the two sUsses of 
enaymes (35). In the case el Berine proteases, tho formation of 
the transition state and tetrahedral intermediate is accomps- 
niad by charge separation, end it has been suggested that tho 
negative charge on the aspartate can help this praoBss through 
electrostatic stabilization, therefore contributing to eaoalytaB 
(36). In cysteine- proteases, the Asn residua in tiio catalytic 
tried might be of importance for fffahiKztng the ion pah- form cf 
the cataryrio residues {La. the ground state of the enzyme) by 
contributing tc maintain the active site, residues in a favorable 

already present in . the ground state end generation of the 

reiirranptonent of the charges. In addition, the Awn residua 
oxild play a rola in catalysis through the oxjentatUinal effect of 
tbe H Ixmd to Uijr 14 *. This hydrogen bond aUowM rotation of tho 
HiB 15 * Bine chain to orient tha imldaaols group ia a proper 
position to act as a proton donor to tho h^^os^. group .of. tbe 



Received from < 215 851 1429 > at 1 W 3:04:39 PM [Eastern Daylight Time] 



BEST AVAILABLE COPY 



Oet-08-2002 03:13 P ni From-EED SMITH 



T-092 P. 015/037 F-094 



substrate. The fact the* a OS baud ia weaker than a C O bond 
ana that the tfuolat* anion ia o very good leaving group can 
explain tho 00^: Baity of audi a step in cysteine pratauca. 
Therefore, the foil catalytic power of the triad might bo better 
exploited in the hydroljiw of non-activated peptide bonds, 
whereas the activity of the Aim" 8 mutants or papain was 
measured agaioat a. small activated peptidyl substrate. For this 
reason, tha inOncnoc of the notations OS activity against pro- 
tein substrates might be more important than the measured 
effects with the substrate Cbz-Fbe-AroMCA, but tho very low 
amount of onzyme available from Hie exprespior. system put- 
eludps such studies. H must bo CO ted «b» that prefcminary 
TesuitB with cntfcopein 8 (data net shown) show that m u t ation 
af Aan 17 * has a stronger effort on activity than that observed for 
papain, indicating that the magnitude erf tho Asa 17 * contribu- 
tion to awymatic activity night differ from one cysteine pro- 
tease to anothur. 

rTAjniy conserved residttes at the active site of enzyme b are 
often regarded oa being useential for activity. For the cysteine 
proteases, it is cSfEeultto account Ibr the utriot conservation of 
'jtnvety upon enzymatic activity, r" ~" 



Hole of the Papain Active SiteAsn'™ 

of an active site rtsidca resulting /roio a combination of foac- 



relatively rr 



it effect of amino acid substitution at position 



17S. ledeod, oar results abow that presence of a Gin at podtion 
175 ib abneat nnnlrul with respect to the enzyme activity. 
However, within a largo data base of cyateice proleaao se- 
quence*, no randae is found other than as asparagjno (37). The 
strict conservation of Asn 170 might therefore be the conse- 
qafince of properties m addition to the catalytic activity of the 
enzyme. Wld-typa propapain accumulates in (he yeast cell 
vacuole (20) mostly as a soluble, pxotoaBo-resistast spedes. 
Bcplaocment.af Aso 171 by either a Ch or Ala increaaad the 
fraction of initnlabtc,, prote&aemincepfciMe propopam, tuggest- 
ing that these mutations alter the ability of the protein to fold 
into a functional protease precursor. Ir. addition. The mature 
papain rautaats resoKing from the prociajaiiip of the property 
folded proenEvraas have on increased rata of thermal ioactive- 
tiotv, indiestmsj that Uia mutations affect tha thermal Btability 
of. the mature GOHyme. Tho acotamidc H aeasw or Asn' 7 * in 
wild -typo papain interact with the aromatic rings of T*p 1TT and 
Trp ul . and perturbation of these interactions In the A an 175 -» 
CSn mutml could contribute to the decrease in stability of the 
enzyme, Tha computer awdeUog experiments indicam that the 
Gla m -HiB ,M hydrogen bond can be formed with or without 
perturbation of tho interactions with the Trp residues and, 
therefore, cannot unambiguously sapportox refute this hjpotii- . 
.. gate. A mmilnr structural rok has been eatabliahea recently for 
the catalytic hiBttdine residue at die active site of phoepb> 
lipase Aj (SB). Our results Indicate that in addition to its 
oanirlbatiDn to the catalytic properties of the ensyme, Am"" 
participates in the folding pathway (39) and in the thermal 
stability .of tfae folded protein. The Asn 17 " residue is cysteine 
proteases could constitute another example of tha ci 
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New Peptidic Cysteine Protease Inhibitors Derived from the Electrophilic 
a-Axnino Acid Aziridiae-2,3-dicarboxyli Acid 

Tanja Schirmeifiter* 



Received October $3, 1S88 

Three different types of peptides containing aaridine-2.3-dicarboxyiic acid (Azi) as an 
electrophilic a-amino add at different positions within the peptide chain {type I, N-acylated 
aaridines with Azi as C-teimioal amino acid; typo II, N-un substituted aziridinea with Azi as 
N-terminal amino add: typB III, N-arylatod bispeptidyl derivatives of Azi) hare been synthesized 
and tested as inhibitors of rjiecvBtelne tm>t»A«|f>} pnpnin | rathe^r.* B, L, and H, and calpains 
I and II, as well as against several serine proteases, one aspartate, and one metalloprotease. 
All aziridinyl poptides are specific cysteine protease inhibitors. Papain and cathepeina B. and 
L are inhibited irreversibly, whereas cathepsin H and calpains are inhibited in a non-time- 
dependent manner. Some compounds turned out to be substrates for serine proteases and fin* 
the metalloprotease therm olyEin. Remarkable differences can be observed between the three 
different types of inhibitors concerning stereospecificity, pH dependency of inhibition, selectivity 
between different cysteine proteases, and the importance of a free carboxylic acid function at 
the aziridine ring for inhihitipu. Above all type II inhibitorB, aza analogues of the well-known 
epoxysuccinyl peptides, ore potent cysteine protease inhibitors. With the exception of BOC- 
Leu-Gly-(S^+«^?)-Azi-<OEt)a (Z8a+b), a highly selective and potent eathopain L inhibitor, 
N-acylated aziridine a of type I are weaker inhibitors than type 11 or type HI compounds. The 
observed results can be explained by different binding modes of the three types of inhibitors 
with respect to their orientation in the S- and S* -binding sites of the enzymes. Furthermore, 
the presence of a protonated aziridine N modules the binding mode of type II inhibitors. 



Introduction 

The papain superfamfly of cysteine, proteoses includes 
a variety of enzymes with closely related amino acid 
sequences and ovorall folding structures; 1 Among them 
tore vacuolar plant enzymes (e.g., papain), 2 prototoeo 
enzymes 9 (e.g., cruzipain. falcipain). and mammalian 
lysosomal cathepsin.s* (&«., cathepsins B, L, H) and 
cytoplasmatie calpairiR. 6 The momrnalifin cysteine pro- 
teases are involved in a variety of pathological processes 
Including dyaregulntcd protein turnover such as mus- 
cular dystrophy, 1 ' bone resorption, 9 growth and malig- 
nancy of tumors, 8 and myocardial infarct 9 Therefore 
these enzymes are promising targets for the develop- 
ment of inhibitors as therapeutic agents. 

A number of irreversible and selective cysteine pro- 
tease inhibitorB aavo boon developed. Most of them 
exhibit a peptide segmftni for recognition by the enzyme 
and an electrophilic building block for reaction with the 
cysteine residue of the enzyme's active site ae common 
structural fcaturee. Examples are diazomethyl ke- 
tones, 10 fluoromethyl ketones. 11 acylaxymethyl ke- 
tones, 18 O -acvlhyuroxaiaatea, 13 vinyl sulfbnes, 14 and 
epoxysuccinic arid derivatives. 15 With regard to the 
requirements for drugs, the latter are one of the moHt 
promising inhibitor classes. Inactivation of cysteine 
proteases by upaxysuccinyl peptides proceeds (rem a 
aucleophlUc opening of the epoxide ring leading to 
alkylated enzymes. 16 Development of these inhibitors 
was based on the discovery of E-64 (1) (Chart 1) isolated 
from an Aspergillus japtmicun culture by Hanada et al. 



Chart 1 



2 X=0-.R' = B:FF = NH*iArt> . To* X»NH 
LBWamm (EHS,3h£ps-U)i>NH4Am) . (•) l^*ltW3.S>AdH.«iu-ProOH 
IN iBu>4H^R^AlM.«U.ProOH 

6fl*: <HOH3,S>El>»lOU-NH-tAm> 

Ub X = NltR' = a:R»»NH-IAm 
la) EHS.SWtt-tau-NHiAm 
(b) E^FVtVAzUavMrMAm 

Safe X«WR'=H;H'=*HH-iAm 
(at HO-(G.«VAxKLo»NHiAm 

in 1978. 17 Coll pe r meability was improved by replacing 
the agmatine by uncharged alkyl groups and by esteri- 
S cation of the carboxylate function, e^„ Loxistotin (2) 
(Chart l). u Even iftbc caters are 100- 1000 times lass 
active than the free adds in vitro, they are used as 
prodrugs which are easily res orbed and subsequently 
hydrolyzed to their active forma. 19 Hiese epoxides havo 
been shown to Interact in an antisubstrate orientation 
with the S-aubsite of papain and cathepsin B. M Cysteine 
proteases of the papain euperfamfly prefer substrates 
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— 1U> R = Lau-OH 
1fla> ft » Lau -Pro-08j| 



^"3 DPPA. Pro-OUzl. EljN 



with Phc in the reposition due to a hydrophobic 
binding pocket built up by the amino acids Trp67, 
Phe207. Profifl. AU160, Va!i33, and Vall67 (papain 
numbering). 81 Epnxysuccinyl peptides Buch as 1-3 
(Chart 1) bind with their Leu residue into this hydro- 
phobic hinding pocket. Epoxides sach es 4 interact with 
the S'-subsito ofcathepsin B in a substrate-like mode. 
In contrast to inhibitors 1-8 29 they are significantly 
more potent in the ft ft configuration 23 and exhibit a 
very good selectivity again** cathepsln B." This selec- 
tivity results from interaction of die proline carbmryieta 
of 4 with two hifitidine residues (HisllO, H5&11D which 
are located at the occluding loop ofcathepsin B and are 
responsible for its dipeptedyl peptidase activity.*" A 
chimeric epoxysuccinyl peptide inhibitor has been pre- 
pared by Mbroder et aL 23 by combining the S'- recogni- 
tion element ofcathepsin B (Leu-Pro) with the inhib- 
iting propeptide sequence ofcathepsin B (Lon-Gly-Gly. 
sequence portion 46—48 of the propeptide) which spans 
the S-binding pockets in an antisubstrate orientation. 
This inhibitor is the most potent cathepnin B inhibitor 
known so Tor and exhibits a very good selectivity 
between cathepain B and cathepain L. 

The three-mecibered aziridine ring is closely related 
in structure to tha epoxide and is alao suaceptihle to ring 
opening by nndecphilts. 1 ' 6 Jones et al. 27 have synthe- 
sized and tested the aziridine analogues 6-7 (Chart 1) 
of the well-known cysteine protease inhibitors EtO-Epa- 
Leu-NHiAin (2), HO-Eps-L©u-NHiAm (3). and 'BuNH- 
Eps-IIe(Le.u)-ProOH (4). Even though these aziridine 
analogues are aldo irreversible inhibitors of the cysteine 
proteases papain, cathepain B, and cathepsin L. re- 
markablo diflarencea between the epoxides and the 
atiridines have been found with respect to reactivity, 
selectivity, storeospecificity, and pH dependency of 
inhibilwri.* 7 Recently a variety of azmdinyi peptides in 
which the Leu residue of compounds S and 8 has been 
replaced by Phe have been patented by Takada Chem. 
lad. as powerful cathepsin L Inhibitors. 33 -* 9 For these 
inhibitors naturally occurring*! poxido analogues, called 
catheatatias, are known. 30 

In contra et to the epoxide the aziridine ring con 
additionally be derivattaed at its tetefoatom, This offers 
a greater variability for structure— activity studies. 
Chimeric inhibitors can not only be built by derivati- 
zation of the two carbozylaies but also by variations at 
the aziridine nitrogen. Evan though some N-alkylatod 
aziridrny) peptides are described in the abovc-mennaned 
patente* 8 - 3 " and some results concerning N-acylated 
derivatives could already be obtained In the author's 
laboratory 31 this field has yet to be explored systemati- 
cally. 

In the present paper, both the syntheses and tho 
inhibition profiles of peptides containing ajuridnut-2,3- 
diearboxylie add as the electrophilic o-amino acid tit 
different positions within tha peptide *-h;rtn (types I— ID. 



NH-R* 
.COR 1 



Chart 2) are described These are classified aocordjng 
to their structural differences: Type I aiiridinyl pep- 
tddeu contain the aziridine moiety as 'the- C-terminal 
amino add. They are aziridine* N-acylftl*d with amino 
acids or peptides. Type H peptides are aza analogues of 
the known epo*yjniccir>y) peptides* and contain the 
azmdina-2,3-dicarboxylie acid as the N-tBrnrmal amino 
acid. In type III peptides the aziridine is located in the 
middle of the peptide chain. Although type I and HI 
peptides are both N-acylatod aziri dines, experimental 
results show differences between these two types which 
support their classification as two different inhibitor 
types.- The particular peptide moieties used far prepara- 
tion of the inhibitors have been selected with respect to 
the aubstt-utu upocifititiea 21 of hydrolysis and to known 
inhibiting a ' - 
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Preparation of Inhibitor 

The Syntheses of the compounds were performed as 
depicted in Schemes 1-& Stereoselective synthesis of 
and CR^Vdiethyl aziridine-2,3-dicarboxylate 
(lOa.b) was carried out eccording to previously"- 32 
described procedures using the reverse configured ep- 
oxides Uljty-8b and (S respectively, as starting 
materials. The latter were prepared from (RJty- and 
(S^SMiethyl tartrate, respectively. 33 ^ •■*»•' . 

HaVestere llajb of the aziridine building blocks 
prepared by Alkaline hydrolysis with 1 cquJv of Li OH 
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T 



itw> R' ooa:Ri=Bnx«eoc 

18s R< sOEt R'oM^X'OOC 

ZZa,o R' = LOLHfYo-OSrt R' * B« X - BO 
Z3atb Ri = OBzcR==Brl;X=«BCC 



CO*' 



Wv N ' 



ZU ft' = 6tR»=KR'»W;R*°Z i 

26a' Rl=B:R» = M*.R»=aH : R«=BOC 

Z7»tb R> = Bii; R» = M«; R 1 = Bzl; R« = BOC 

Katb R>r8a;R*=aR 3 =lBu;R*=B0C 

aaa Ri=etR'-Ma;R* = BttR»p?-01y 



monohydraie is etbnnol and subsequent protonstion by 
ion exchange. 37 Peptide coupling at the free carixxxylate 
function of the aziridine lending to the typo II inhibitors 
14a,b and 16a,b could be achieved by the DPPA 
method, whereby N-prorection was not necessary. 47 Both 
stepwise and fragment condensations were carried out 
(Scheme 1). 

Baeemic Jraas-henzylethyl aziridira-2,3-<iicarhoxyiiC 
add (I3a+b) was synthesized by Michael type addition 
of drphenytsulfimino to the corresponding fumarace 12 
(Scheme 2). Most of Che ozixidinyl peptides derived from 
aziridines lOa.b were prepared as single diastereomcrs 
with S,S (a series) ae well as RJi <b series) configured 
azuidinc ring. Peptides derived from the racemic anri- 
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dine 13&4-8 (Scheme 2) were synthesized as diastere- 
oroaric mixtures) {a+b Keries). 

Acylatlon of the aztridine nitrogen with uruno ad da 
was carried out via symmetric anhydrides, prepared 
from 2 equiv of N-protected anion acid and l equiv of 
DCC, under DMAP catalysis (Scheme 3). Thm yielded 
the type I compounds 17ft,b, 31 ISa, 81 10a « 20a, and 
23a+b and the type III inhibitors 2ln,b and 22a,b. 

Nitrogen acviatton with di- or tripeplidcs could be 
performed by fragment condensation using mixed an- 
hydrides of peptide ondisobutylchlonforoxiate.* 6 Since 
this method leads fee racointeRtton within, the peptide 
chain, tha one-pot EEDQ 3 * procedure was chosen to 
prepare the type I inhibitors 24o. 25n,b, 26a. 27a+b, 
28a+b, and 29a (Scheme 4). 

A free carboxyl&tc function at the aziridine ring has 
been shown to be essential for inhibition by N-onaub- 
atilutad dorivolivee.* 7 To examine the role of a free 
carbcocylate group for inhibition by N-ftCylatsd deriva- 
tives, selective hydrolysis of one ester function of the 
N-acylated diethyl ester 17a by alkaline or enzymatic 
methods was investigated. For (ho alkaline procedure 
either 1 equiv of LiOII/EtOH or 1 oquhr of NaOH/CHs- 
ON was used. The enzymatic methods were carried nut 
using tho following enzymes: 30 PLE, cbymotrypsin, 
trypsin. CCL, PPL, LPR, LRA, and IAN. Alkaline 
hydroryses and enzymatic procedures with the serine 
hydrolases PLE, trypsin, and chymo trypsin, respec- 
tively, lodto preferential amide hydrolysis. The reasonR 
for tho sensitivity of the amide bond to alkaline hy- 
drolysis are disturbed amide resonance 81 and high 
acidity of the leaving group. Amides containing an 
aziridine as the amino component cannot form meso- 
meric structures due to increased ring tension. The tt/f n 
of the nTiridininm ion has been determined by J cm ex et 
al.*" with nr? u 3.6 for compound 6a. In the author's 
laboratory a pJC of 3.8 ± 0.2 73 was found for compound 
Ul PLE is a serine esterase which can also cleave 
amide bonds and which prefers aromatic rB&iduos. !M 
Chymotrypsin and trypsin are serine proteases prefer- 
ring hydrophobic and basic amino acids, respectively, 
In the Pi-position. In both cases, amide and simulta- 
neous ester hydrolyaia could be observed. Compound 
17a was not hydrolyxed by the above-mentioned lipases. 
Doe to the failure of the selective hydrolysis of one ester 
function with maintenance of the aziridide structure, 
another synthetic path had to be chosen. The aziridine 
building block 13a+b was used as a starting materia] 
to allow ester cleavage by nonhydrorytic procedures. The 
N-acylated aaridinyl peptide 30a-fb which contains one 
free carboxylate function was obtained by N-acylation 
of building block ISa+b with BOC-Pbe via the sym- 
metric anhydride (Scheme 3, compound 23a+b) and 
subsequent hydrngenolysia of the benzyl ester (Scheme 
5). 

Results 

The second-order rate constants for the inactivation 
of papain and ccthepdas B and L by the azlricHnyl 
peptides of type 1, 17-20 and 28-30, which contain the 
asiridine-2,&dtc8Tbcxylate as the C-teminal amine 
add, are shown in Table 1. Since proteases of tho papain 
family prefer Phe in the P2-position, compounds 17a,b, . 
26a,b. and 26a with a Phe residue at different posjtinru 
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Tablo 1. Sacortd-Order Rate ConBWnts for Jnncfcvaiio 


n of Papain.' Calhepsin B, 


flod Cathepsin L» by Type I Ajurldinyl Peptides 






Ai/Xi(M-lmm > > 




inhibitor 




cathepsin B 








125 ±13 


65 ±12 






18±6 


16 ±6 






67 ±17 


305 ± 26 


BOCAla-<W)-A2l-<OECiB <19ju 


43 -J. 6-- 




ad 


Pn«o-LBO-<S,S)-Ail-(OBila (20a) 


654? 


Ad 


99±10T 






Ui 


nd 


30C-Ph»-(s!s-t^«VAaH0RtXOI0 t30a+bj 


V ~ O.S1 J. 0.0141 
Kf — ■ 0.41 ± 0.U7 


1330 

*i«»0J3± 0.019 
& = 0.68 ± 0.03 


188*0" 


Z-0Ty-O)y-l <} r < »-Aii-fCIEt>j (24a) 


SBr ± H6 


S89-A11 


317 






A," 0.087 ±0.011 
&4 — 0.27 ± 0.08 


Z-Ato-Pho-iS^VAitWOlSWj f26a> . 


1T?4 10 


123 


29*10* 




*i = 0.011 ±0.001 
Si = 0.080* 0.001 










Z-Ato-Phc(B^Kftzi-(aEt): (at*)* 


21 = 1 


23=1 






1370 

0.028 -L-O0028 
K\ = 0.020 ± 0.009 




469 

fc = 0.061. i 0.019 
JC-O.lliO.OS 


BOC-Pb&-Aln-<S 1 S+i?^>AoHOEtX'OBd) «27u+b) 


1232 


449 i. 71' 


281*2- 


A, s> 0.020 * 0.001 
£, = 0.018 ±0.001 






BCXM«u-(ay<S^-ril^>AiS-(OEtXORal) (2»a-rbl 


)49 

*, <= 0.01 ± 0.001 
«i = aOSS ± 0.0012 


240 ±61' 


8237 

*j = 0.028*0.0016 
H - 0.0038 ± 0.00 15 




623 ±25 


421 +. 100 


816 ±48 



within the peptide chain were synthesized to evaluate 
the moat favorable distance between the electrophilic 
'fiv'- building block and P2-recoenitian element. 20a, 24a, 
and JWa+b »ru peptides which contain fragments of tha 
$i? inhibiting procathepsin B sequence Leu-Gly-Gly. These 
!'!Ki type I inhribitonj are irreversible inhibitors of cathcpriivs 
I'v'p B and L and papai n. Thia irreversibility is evident from 
the time dependency of inhibition in .the coslinuous or 
, dilution assays which were performed to determine the 
■p second -order rate constants of inhibition. It was con- 

r£. firmed by dtinlyfliH experiments with papain and inhibi- 

' tors 17a and 11a as well aa with cathepsin L and 
f x ' inhibitor 28a+b. 

S«oud-ordcr rate conntanta for ibetfe typo I inhibitors 
1 i are very low and ore similar to those found by Albeck 

^ et al. 48 far several eryt Aro-pepttdyl epoxides. Especially 

a cathepsin L is inactivated very weakly by type I aziri- 

> dines. An interesting and surprising nxception in this 
o regard is the inhibition of cathepsin L by mixture 

^ 28a+b. Although it v) «tUl a weak inhibitor, the seooad- 

li order rate constant ibr this dia ster eomerie mixture is 

' ' about 10 times higher than all other values found for 
typo I inhibitory. This increase In inhibit ton te suite from. 
*; ' a 10 times lower binding constant (JTd and not from a 

higher first-order rate of inactivation (&X A difference 
" between the overall foldings of cathepaina B and L and 

'f 1 papain which roay be a criterion to explain this out- 

}• standing value is the structure of the S2-pockst of 

■■,;< cathspain L.* 7 An additional Metl61 residue makes ite 
.;i„ pocket autre shallow and narrow compared to those of 
4i cathepain B and papain. 

,p . The highest inhibition constants for type I derivatives 

,■, containing Pbe within tha peptide moiety are found for 

\ f . compounds S6« and 27a +b with BOC-fWAla as the 

^terminal peptide 

In contrast to N-uimubstituted aziridines of type II, 
14ajb> So,b. B7 and fi^b, 1 " fax which the second-order 



i 

>\a. 
IK 

121 

Recaved from < 215 851 1429 > at 10/8/02 3:04:39 PM [Eastern DayfightTlme] 



rate constants ore reported in Table 2, the SJS diastor- 
eomers 17a and 2Ba are about 7-10 dme* more active 
than their R,R isoroera 17b and 26b. On the other hand 
this ATAreospeeifiefty eaiTe«par>d* bt the one observed 
for the epoxysucdnyl peptides exempted by com- 
pounds 1-8. Another difference between type I aziri- 
dines and asiridinea without N-derivaU^tion end ep- 
oxides 1-3 is the low inhibition improvement by the 
free cartxwylic acid function at the three-membered 
ring. WhilB Ga,b 27 (Table 2} and even the single axiri- 
dine building block 11b (Table 6) exhibit an about 300- 
600 times higher aecond-order rate constant for the 
inhibition of papain than their corresponding esters, 
values for the inhibition by SOn-t-b are only 8-10 times 
higher in comparison to those for 17a,b or 23a+b. 
InteiTJStiogry this inhibition impTovament is a result of 
a higher first- order rate of alley Lotion IftQ end not of a 
lower binding constant CKj), Taking into consideration 
that 30a -t-b is a free acid mixture of diastereomers with 
S^S and RJt configured eziridina ring, the inhibition 
constant for tha eutomar may ho somewhat higher but 
nevertheless cannot reach the rates frond for N-ansub- 
stituted dertvattves. 

Protongation of the peptide chain is normally known 
to improve inhibition of endoproteinases,* 0 However, 
this is not the Case for N-ecylcted azuidinyi pep tides of 
type I (inhibitor 29a) as well aa for the N-unsubstituted 
ones of type H (inhibitors 16a,b). The highest inhibition 
constants within the type II inhibitors are observed for 
RJl configured assiridines coupled to a Leu derivativo 
(14b and 5b"). 

As shown by Joncu et al,* 1 N-unsubstituted asiridioca 
are much more potent at low pH values due to proto- 
nation of the aziridine mtrngen. The data 37 showed that 
the neutral form must bo at least 100 times less reactive 
than tha protonatod form. The true inhibition constants 
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Table 2. Setoud-Ordw K»u OmatanU for lonetivation ofrepaui," Cethnanin B,* and Cathe psin V>J<y t y pe U Amidlayl Peptides 
' fa/R min ') 



CTth«p<nn L 



EtO-lS^>-A»i-r*arOBxl <14e) 



EtCKRjeVAtd-Leu-OBsd (Mb) 



EtfVfi^>Aii-Lcu-Pro-OBxl (16b) 



BtCWSAJ-Ari-liCu-NIUAffl Coa>> 

WO-(SJ>Aai-L«i-NHiAin <6a>? 
HO-Ui.«)-Ail-Leu-NHlAin <6b)» 
'BiiMU-sS r S>Au-L U u-PfO-OH f7a/ 
'BotfflHff.R) -Aa-Lou-Pre-OH (Thy 



fa'" 0.099 ±0.0016 
0-17*0.03 



*,=• 0.021 ±0.0002 
K - 0.034 i: 0,0034 
466±37» 



41 A & 



4130 

ki - 0.06E ± O.009 
Xi =0.018* 0.031 
16261 

ij" 0.44 A 0.0004 
iTi-' 0.027 ±0.0001 
no* 
2142 

ft, e 01.047 ± UJMG 
Ifi- 0.022 ±O.0O8S 
1728 

&l ~ 0.045 ± 0.003S 
HJ- 0.026* O.00S7 



• pH O.S. *pll 6.0. ' Muaouraacnu were Bttittd to th* Hncur tons*, xrith 11] a Ki, doc to solnbUHy problem*. lWuftms. only thn 
saamd-ordaT raU> constant could bs obtainsd. " Mot determinrd. < Ai train" 1 ), f Ki <mMi. C Takes trortl Jdnos fit al 3T " No time-dependent 
taMbiUDn. 07 



Tobla a. Sacofid-OrdfT Rats Constanta for Innctivo 



■a of Papain,* Cathapain B." Mid Cothgpain IP by Type m Aaridinyl Peptides 
tiflr)CM : *min-'> 



DOT-PluH*.aHKtO>Azl-Leo-Prc-OBil f2S»> 



DOC-Pfa»lfl^KKlO)-Afl-Leu-rro-OBjl (32b) 



0.016 10.0019 

Ki = oor. it aoaa 
7BS± izar 



&i = 0.037 ± U.0022 
J?4 = 0.0B2± 0.O13 
1338*440* 



• pH 6.B. » pH 6.0. ' Measurements wore limited to Qie_lJnoar rpnge, with t>) s 
order rate constant cntdd be obtained. <* *i 0nin' 'l «K (mM). 


Xi, dua to BolobUity wool ems. Zi 


leieTore, only the seoond- 


Tnblo 4. Io&tDilimi Constants fiir X6» Nw-Thno-DtiBcraluiii. Inhibition aTCathepabl H ,• Cslpain I, 6 nod Colpu 




Kiluli) 


' inhibitor cathepnin rl 


calpais I 


cailpaia U 


»OC-Phe-<flyS>A>3-fOEtfcCX7o5 210 ±19 
•Z^Ur-<S.S>-/uri-COEt) 3 (18n> m 
CEtOKS^Sj-Aiti-Ltfu-OBxl (14a) ZllO ±33 
CEtOKn\RKAzi-Leu-0Btl U4b) ni 
BOC-Ph*-C.">.SKEtO>A*iiou^Bi] (Sla) • 33 ± 8 
BOC-Ffae-WVn-tEtOJVUi-Uu^Bjtl (21b) 137 ± U 


n? 

160 ±31 
od 


od 
nd 


t)i 


nd 
nd 


nd 

19 + 7 


42 ±14 



* pH 6.B. 1 pH 7.6. ' No inhibition. d l*rt determined. 



no* 

14a 
17a» 



61 ± 0 11 ± OJJ 

34774- * 7000 4BD2 ± 1000 
786 ±89* 169* 
72 ±10 424 ±32 



780 ±85 
24±6» 
410 ±81 



4- 1.5 jnM L-BAPA; (El - 0.fi m(r«L~ l ; 1IU 10a. 

0.58-4.7 n>M; 11a, 6.6>M-0.3 toM; I4a, 0.27-1.3* mM; 17b, 
0,093—0.37 mM. u Mcuaurctacnto «raro carried out at the hnwr 
ranee, wham HJ < Ku Therefore, only the seeo«d>4trder re to 
eanBtnnt wan nhtuined. r Not detomnnvd. "*i =• 0.033 * 0.003 
«mi»-'), Kk = 0.20 ± 0.03S (mil). 

for the completely protonated Inhibitor would be much 
higher at pH values below pH 4 which cannot be tested 
because of Iobs of enzyme activity. 27 The tnozimum 
activity pH uf 4 tklennined by Jones et aJ. 27 for 



N-tinsubstitatod derivfitdvea can be conflrmod as shown 
in Table 6. In contrast to N-unsubstituted aziridines th» 
N-acytated aziiidina 17a Shows nearly identical inhibi- 
tion constants at pH 6.0 and pH 8. Rich et al." 
investigated the pH dependency of inhibition of papain 
by a nonionisable amide of 3. This inhibition was found 
to depend on two addie dissociation constants (p&'s 
3.93 and 4.09) of papain. This is In contrast to the 
inhibition of papain by E-84 (1) fox which on acidic 
dependency and en alkaline dependency were found. 3 '' 
The latter r«eult supports tho assumption that Hi 3059 
may play an essential role for inhibition. Since 17a is 
sensitive to alkaline m«^dln, determination, of second- 
order rate constants at pH valueB above pHSis useless. 
Table 6 reports the pH dependency of inhibition of 
papain by 17a. Theso values, obtained within a pH 
range from 6.2 to SJ0. indicate, however, that inhibition 
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•A 



It 



Jfew PeptieUe Ovsteine ProbM** Inhibitor* 

■ruble 6. pgOfcpcndoncyofIflhihitioaofPapalnbyl7a 



8.64. -K 0.2 3.86*0.03 

7J53A0.14 1.38 ±0.1 

7.38 ±0.21 0.88 ±0.09 

7.33 ±0.16 «.75±0.1fi 

7.31 lb O lfi 0.7S ± 0.2 



by this N-acyiated aziridino corresponda to the one 
found for the amide of 3 rather thon to that found for 

Activation or asdridines toward aucIeopmUc ring 
opening is possible not only by protouatLem of the 
aziridine nitrogen but also by N-acylation. 42 In Table 3 
inhibition Constanta are reported for inhibitors of type 
III (21a,b, 22a,b). These are biapeptidyl derivatives 
which bear the azuittine moiety in the middle of the 
peptide chain and which can be regarded as chimeric 
inhibitors combining the PI' and P2* CLeu-ProJ specific- 
ity of cathepsin B with its P2 specificity (Pbe). The 
N-acylarjon of tripeptide 18b with BOC-Phe to tet- 
rapeptide 22b leads only to a weak inhibition improve- 
ment in the case of cathepsin L And papain, but to a 
10-fold improvement of inhibition in the case of cathe- 
psin B. No or only o slight increase of inhibition is 
obtained by N-aeylstaon of the type II inhibitors I4a,b 
and 18a. Again, in Bocordoccc with the results found 
far type n inhibitors, the 8Ji dtsstereomers are the 
mure potent, but with a very low eudismic ratio. 

When the selectivity between cathepsinB B and L and 
papain was compared, the inhibitors of types H and HI 
which bear peptide chains at one of tbo carboxylate 
functions exhibit higher actrvitina against cathepsin L 
than against cathepsin B or papain. The reverse holds 
for the type I inhibitors which are, with the one 
exception of mixture 28a+b already mentianed, only 
weak cslhapsin L inhibitors. Cathepsin H and caipains 
are not tnbibitad timo dependeutly by all types of 
inhibitors. If a reduction in enzyme activity can be 
observed, K\ values in the upper micromolor range are 
also observed (Table 4). This non-ti ma-dependent inhi- 
bition may bo due to extremely low alkylation rates 
which are hIhd known for the inhibition of those enzymes 
by epoxysueeinyl peptides. 48 - 45 For a better inhibition 
of cathopBin H, inhibitcra without an N-tcrminal pro- 
tecting group may be required. 

To evaluate the colectivitx. between proteases with 
- different mechanisms of hydrolysis (cysteine — serine 
- aspartate - metaUo) the asuidiaeij 10a, 14b, 17a, 
10a, and 21b were teeted against the serine proteases 
chyrnotrypsin, trypsin, and elastasc, the aspartate pro- 
tease pepsin, and the metafloprotease thermolysin, 
respectively. As shown by the above-rwmtioaed hydroly- 
sis assays of 17a with several serine hydrolases, this 
compound does not react as an inhibitor but as a 
substrate for these enzymes. BOC-Phe and compounds 
10a and 11a could be isolated and identified by TLC 
and Tfi and NMR spectroscopy. This is in agreement 
with earlier reports on ester hydrolysis of aairidinecar- 
boxyifttes by these enzymes.* 4,4 '' In contrast to 21b 
compound 14b is a substrate for thermolysin which 
prefers Lou in the Pl'-positiou. 46 In this ease lib and 
LeuOBsl could be identified as hydrolysis products. 
Neither 10a nor 21b could inhibit pepsin. 
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Summary and Discuss! n 

Even though several similarities, including- the ex- 
clusive inhibition of cysteine proteases and the irrevers- 
ibility of inhibition of papain and cathepsins B and L, 
exict between aziridiass and epoxides, their respective 
behavior as cysteine protease inhibitors shows remark- 
able differences. These differences may first of all be 
due to the possible protonation of the aziridixus nitrogen 
in the case of the type II aziridinea, thus leading to a 
different binding mode with an additional waier mol- 
ocule not being necessary and with the positioning of 
the inhibitor being disturbed by the positively charged 
group. Second, azui dines of type It are analogues of the 
epoxides concerning their chemical reactivity, but they 
arc not bioisostera. The epoxide oxygen is a H-bond 
acceptor, whereas the aznidine nitrogen in most eases 
reacts sb a H-bond donor. Thus totally different interac- 
tions with the enzyme could be possible. On the other 
hand, there exist noteworthy differences botweeo the 
different types of aziridinyl peptides. These differences 
concern pH dependency, BtereOBpcctficity, and selectivity 
of inhibition. In contrast to the type H inhibitors 
R«bouda cannot be built under partkipatioE of the 
aziridine N by the N-acylatod type I and US inhibitors. 
Type I inhibitors which are more aenva with the S,S 
configured osiridine ring and which in this regard 
resemble thocpexyfiuceinyl peptides 1-3 could bind to 
the S- binding Bite in a substrate-like mode. Comparison 
of inhibition constants obtained for the Phe-containing 
series of inhibitors (compounds 17a,b and 25a,b with 
26a and 27a+b) leads to die assumption that the Phe 
residue of the latter is probably located in the hydro- 
phobic S3- pocket as known from the peptidyl chloro- 
m ethyl ketone BPACK. 48 The aziridide structure may 
possibly lead to a more unfavorable iTihiWfaw conforma- 
tion which could impede the attack of the active site 
cysteine residue at the aziridine ring carbons and 
therefore lead to low alkylation rate constants. A 
suporixnposition of minimized conformations of the 
epoxide 2, the typo II aziridine 14b, and the type I 
inhibitor 26a supports this supposition (Figure lA).? a 
However, first results of docking experiments 77 per- 
formed with papain and 26a indicate that the flexibility 
of the molecule nevertheless allows a conformation in 
which the Phe residue of this inhibitor can bind into 
the hydrophobic Sz-pocket and the N-terminal BOC 
group can be located within the SS-subsite (Figaro IB). 

A comparison of type II compounds 14aJ> and 16a,b 
with the N-acylated type III compounds 21a*b and 
22a,b shown that the activation of the asndine ring to 
nucieophihe ring opening by N-acylataon does in general 
not lead to an inhibition improvement. Therefore, the 
main reason for the remarkable increase in inhibition 
by protonation in the case of type II inhibitors should 
be due to improved Winding rather than to improved 
nueleophilie ring opening. Type III inhibitors are new 
chimeric inhibitors, and similar to epoxides with two 
peptide chains, 23 a tendency for similar second-order 
rate constants for the Rfi and S,S configured isomers 
can be observed. Thus, one con «f»<nimp that these 
inhibitors, like the chimeric epoxides, bind to both the 
S- and S'-fadnding sites. A new aspect which should be 
taken into consideration is the possibility that the 
aziridine ring can bo opened by nucleop biles in two 
different ways. Not only is cleavage of the C-N bond 
possible but also the cleavage of the C-C bond. 50 C-N 
cleavage would lead to asparlks acid derivatives, while 
C-C cleavage would farm glycine derivatives. These two 
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Figure 1. f A) Sopcrimpositien of minimized eanfbnnatlona i 
Pooaible binding moda of Z9a l« the active site of papain.' 7 
powiWlitics may also play a role In the observed 
differences between epoxides and aswridinea oo the ono 
hood a ad between different types of aairidinyl peptides 
on the other hand. 

The axchxaive inhibition of cysteine proteases could 
be explained by the enhanced nacleophilicity of the 
active site compared to serine proteases as a result of 
the thiolate-xmidazoliuTQ ion pair 74 even though the 
nuclcophilicity of serine and cysteine proteases cannot 
be compared that easily. The "hard" nucieophOe OH of 
the serine proteases attacks the 'hard* electrophilic C= 
O center, while too "soft" S" and ophile attacks the 
"soft" ring enrbon. 73 Another reason far thU selectivity 



toxido S, type H axiridino 14b, and type I axiridine 28a.** (B) 

may be the opposite active site geometry of serine 
proteases 91 which could convert asrfridinyl peptides from 
inhibitors into substrates for serine proteases. Starting 
points to improve the eeJectivity between different 
cysteine proteases am the good actfvitiea of type U 
inhibitors and the typn I mixture 28a 4 b against cathe- 
pain L and the remarkable inhibition improvement by 
the N-acylation of 16b with BOC-Phe to 22b fn the cose 
of cathepsin B. A better understanding of the observed 
differences between epoxysueciny) peptides and aziri- 
ctinyl peptides on the one hand and between the three 
types of aziridiotw cm the other hand, will require more 
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New PaptidU Cysteine Pmtiase Inhibitors 

detailed molecular modeling studies na well aa X-ray 
analysis of enzyme— inhibitor complexes. These studies 
are in progress. Nevertheless, the present study shews 
that N-unuabatitated ariridinyl peptides and in special 
cases N-ncylated ones. too. can be highly selective and 
potent inactavstors of cysteine proteaaas. 



Gtmeral Methods, Enzymes wore purrKwfed from thu 
touowlng companies: papain from Carico papaya Swn FTuka 
(BkCbiwniia USP. 78220), eathepsln B from bovion spleen 
from Sigma (C 6288), cnthepain H from human liver (319404). 
calpain I from porcine erythrocytes (2087X21 and calpain 11 
from porcine kidney (208716) fraca Caibiochem. chymo trypsin 
from bovine pancreas (102307), trypsin from bovine pancreas 
(124679) and pepsin (7183) from Merck, einsusa from poitino 
paacraus (20929) from Serva. Cathepein L tmm Paramecium , 
tttraurelio K was a gift from Prof. J. Sohaltz, Department of 
Pharmaceutical Chemistry. TJnlvcrelty of Tuebinsvo, Ger- 
many. Pig liver aateraua PLE (48083), lipase from Rhizopai 
arrlimu LRA (62305), hpaae from Atpargillun nigcr LAN 
(62294), lipase from Pemcillium rxxjucfortlLTB. (GSSoSX and 
lipase from beg pancreas PPL (62300) ware from Fluto. 
Candida. cfUndmxae lipase type VH CCL (L1754) w 



re purchase 



a. Leu-Pro-OBzl trfnuor«#c{rtale 



and BOC-Phe-AlaOH were prepared by wclKautabHehed lit- 
erature procedures.*- 19 BuOur substances were biochemical 
grade and were purchased from Merck. //-Ethylm&lsiinida wee 
from Aldrich; E-64 was from BoehrtagerJiffannhoim. Roiujont 
grade chemicals were pturhnsodfram the following ootnpar.iBti 
and wem used without further purification: EEDQ from 
Novaroochem, 1>PSI, NnNa, LiOH-B*0, and NH.CI from 
Mark. PhJP, SCO. DMAP, and EtjN torn Floka, DPFA from 
Aldrich; Pi- O 10% type E 10 N/D from Dogussa. AU solvents 
were anhydrous grade and ware purchased from Fluha. Brine 
refers to a saturatad aqueous eolation of MaC). Analytical TLC 
was perfotmod on Merck al uminum sheets (silica gel 60 Fa*). 
Compounds that woro not visualized by UV light were detected 



(allowed by banting. Preparative flash cohmin chromatography 
was performed using silica gel 60, 40-63 pre, from Merck. 
Preparative hydrostatic column chroma toernphy was par- 
formed using silica gol 60. 63-200 >rm. from Merck. MaIcwo; 
points are uncorrectfd and were obtained on a Mel-Temp II 
en pillory moKhvj point nppanicas (Laborazory Devices). Opti- 
ca) rotations ware me snored on a Perkin-Elmer 241 polarim- 
oter In a thcrmostatod cell. OR spectra were determined inKBr 
peftefa or with NaCl solution ooJIb on a Perkin-BlmKf 841 IR 
spectrophotometer. Mass spectra were measured on a Finnigno 
MAT 312 (Jew raolusoa; SO. 70 eV. 0.8 mA; CI, laobutone or 
NTts, 200 aV. 0.5 nA) by ChemjBches Laboratoriuro of the 
University of Fruiburjf nr on-a Voyager-RP biflaportxoiaotry 
workstation by FerSeptive BioayeteiDS, Wiesbaden, Germany 



analyses were determined on a Perkm-Elmer elemental ana. 
lyior 240 by Chemise hen Laboratarium of the Univaimty of 
Freiburg. NMR (<H, «C) spectra were recorded on a Varian 
Unity 300 spectrometer (300 and 75.43 MHz, respectively), m 
NMB chemical ahifta are reported in ppm rdntfvc ttthoCHClt 
peek «t 0^7.28 with CDCh aa solvont and to thoDMSO peak 
(i » 2.49) with DMSO-d. as sorvoot "C NUB chemical abifta 
are reported in ppm relative to the CHCls paak (d = 77.00) 
with CDQa as solvent. AU 'H NMR assignments were sup- 
ported by homonudoar decoupling experiments or by 2-D 
COSY experiments. All U C NMK amncniuentfl were supported 
by 2-D HETCOR nperimonts. Coupling constosts (J) axe 
reported ia herti (Hi). 

Genera) Procedure*. N-Acylatinn via Symmetrig An- 
hydrides. N-Protoctcd amino acid <1DJ> mmol) was dissolved 
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in 40 mL of dichlowmethano at 0 'C; X.C5 jr (7.7 motol) of DCC 
woa added, and Iho mixture was stirred at 0 °C far 45 min. 
lntwlnble dicyclohesylnrea was filtered off, and 7 mmol of 
wiridine was added in 20 mL of mchtoromathane at O °C 
tugother with a fow crystals of DMAP (10 mo) fc). The reaction 
was stirred at 0 "CRM- 1 hand for 3-5 hat room temperature. 
DicyelohexyhiTOO was &he.-od oiT, aad the eolvost was removed. 
The residue was stirred in 10 mL of ethyl acetate for 20 min 
and again filtered aft The organic layer was wmIiuJ with 
oatunwed NoHCOs aolutton (20 mL) and brine (20 tel.), dried 
with M&SOj, end onncantrRled. The rosidna was poriiicd for 



or hyi 



pound by either flash 
cbxoraatngraphy as described below. 

N-Acylatlon via hCxed Anhydrides. The coupling ro- 
agont EEDQ (426 rug, 1.72 mmol) was added to a solution of 
N-prvtected peptide (1.61 mmol) and ^Uridine (1.61 mmol) m 
15 mL of TJMF. Tho misture was c«n«d at room tetnpcratnre 
for 48 h. The solvent was remtjved ill vavuo; the rosidui: was 
dinsolvcd jn 100 mL of ethyl acetate and extracted with 60 
mL of a 0% solution of NaHCOs and 50 mL of water. Tho 
organic layer waa dried wit* MgSOj and evaporated. The 
rmidue waa purified fin- caeh individual compound by either 
flash or hydrostatic chromatography oa described below. 

OPPA-Mediated Peptide Coupling. A stirred aoludoa of 
earixaylic acid (S mmoDnnd C-prtjtactad anrino acid or peptide 
(HC1, TFA, or tesylate) (6^ mmol) in DMP (30 mL) was cooled 
in an iee-waier bath and treated with DPPA (L2 mL. 5.5 
mmol). A solution of B^N in 10 mL of DMP (10.B mmol, 1.43 
mL) was added dropwiaa over 0 poriod of 10 min. Stirrih? and 
cooling were eonh'nnad for 10 h. The mixture was diluted with 
ethyl acetate (150 mL) and washed with 26-mL portions of 
water <3x>. 6* NaHCOe tlx), and hrina (SxX The organic 
layer was dried with MirSO* and evaporated in vacuo. The 
residue wax purified lor each individual compound by either 
flash or hydro Btatic chromatography aa dcaeribod betow. 

Catalytio Hydrogenoryais of Banayl Bataro. An evacu- 
ated solution of 0.6 mmol at bansyl ester in SO mL of MeOH 
and 40 roe of Pd-C (10%) wna vifiOroualy. sthrwd at room 
temperaxuro and atmoepheric pressure for 1.5 b (TLC contrail 
under a alow stream of hydrogen. The catalyst was removed 
by filtration over Cclite and washed with methanol (60. mL). 
The nitrate was evaporated in vacuo, and the residue was 



The following compounds 5 
erature procedures: diethyl (2Si3S>-2 T S-epoxysucciimte 
(8a)," diethyl (2K^K>2^epoxy8nceiriato (8b), u diethyl 
( 2S ^ f^nhi Mn^i^c ^ h ^ iate <10a) » diethyl (ZB&i> 
azMdlne43-4lleaAc«yliiSs (10b). 31 C^aSWothoxycar- 
booyl)a!iiridine-3-cMi-boxylio acid (1U»), J? (2R^lR)-3- 
(eth<T^0OTlSOTiyCa^ridlnc.2Ka»rbcxylic aold (llh),< 7 
hmwyl ethyl fumamt* (12) « diethyl (3S^9)-l-W-(rerf- 
bulOdty€wboDylH^-jAi5aylalaiiyllii»iiidia^2,3-Uicaj^ 
heaylate(17a) CBOC-PlIe^^KaaMaBt) a ).* , diethyl (2R,SB>- 
l-(^-((ert^utoicycefb«nyIM^pheayleJa^lIoxiridinf>- 



ldine-2v3-dlcairboxytato (18a) C&AtaKoVSHAzWOEtW.*' 
and diethyl (2S^5)-l-UV-(tort-butDTyearbonyD-(S>ala- 
' nyllozfridine-a^dtcarboxyiate (19a) (BOC-Ala-(S^>-Aai- 
(OEt)a)." 

l28j3Si- and ffifi^KVZ-Banayl 3^thylirxrridrnc-2^<lt. 
earboxylate (l3o+b) CEtOAzl-OBzl). DPSI® (6^ g, 0.02* 
mot) and 5.9 g of benxyl ethyl fanurmte (12) (0.02 mol) were 
dissolved in 60 mL of toluene and heated at 80 "O lor 24 h. 
Tba mixture waa evaporated in vacuo. Column chromatogra- 
phy (ailica get 60, cyelnhaxnne/ethyl acetate, 4/1, 17/ ~ 0.2) 
yielded L2 g (28%) of 13»+b as 0 yellowish salid: w mp 52 >C. 
IK (CCU: 3282 (br), 1733. 1497 cm' K «H NMR (CDCU): 6 
1.30 (t. J ^ 7.0 Hz, 3 H), 1M lbs, 1 H, NH), 2.90 (d. J = 2J 
Hi, 1 H, CH-A«X 2.92 (d, J = 2.3 Hz, 1 H. CH-Aii\ 4J2 (q, J 
= 7.0 Ha, a H). S.15 (d, J * 12.0 Hz, 1 H), 6^6 (d, J - 12.0 
Hi, 1 H). 7.3-7.45 (m. 0 H). "C NMR (CDCh>. o 18.81. 85.4B. 
38.60, 6.L71, 67.36, 126.60, 128^2, 128.40. 134.73. 169^2 
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(double peak). MS (CI, C^Hioi: mJi (*) = 306 (1.1) [M~ + 
CUHJ, 260 (1001 [M T + 11. Anal <C»KuN<U C.ILN. 

JV^[(2S^>^(Eaioiqfeariaoi^)a7lrfa1lTva.>^jirbimyl}- 
(S)-lauciiieBenxp] Ester (14a> CEtO-CS^-Aii-Lcu-OBzl). 
11a was coupled with L-leuane ben* yl eater tmylale using tbd 
general DFPA procedure Tbe pre duet was purified by column 
caTumntusrapby on silica gel (ethyl aectatc/cyclahsxuna, 1/1, 
/?/ = 0.44) to give 14a (760 mg, 42%) as a ydlnwiah viaeou* 



_ =» 2J5. 9.0 Hs, 1 HX 4.22 (u, J = 7.08 Hx, 2 H), 4.66-4.68 
Cm, 1H). 5.15 (8, 2 H), 6.78 (M, J = 8.8 Hx, 1 H), 7.28-7.4 fan. 
6 II). »C NMR (CDCla): 3 14.07, 21.73, 22.79, 24.84. 33.44, 
87.40, 41.03. 50.38. 02.20. 07.09, 128.20, 128.41, 128.61. 
135.29. 187.75, 170.30, 17&22. MS (El, 70 o V): mlt (<5) =363 
(14) fM f + 1], 227 (100X AnaL (CuHreNzOJ CJLN. 

,WHt(2«,3R>-3-<EthcOTywzbaiiyl)*^^ 
CS> leucine Benzyl Ester (14b) (EtO-lR^MVai-Leti-OBri). 
lib vm coupled with ^leucine benzyl enter tosylate uniiig the 
general DPPA method. The product woe puriXiod by column 
cbroraatojn^pby on etticn eel (ethyl acetate/cyclQhejDinc, R/ — 
0.39) to give 14b (638 mg, 85%> at! a yeUcrwinh viscous liqjud; 
lalnMJ = -110.r fc L4» KtOHX 1R (CCUK 3276 (br). 1742, 
1670, 1537 em- 1 . »H NMR (CDCla): d 0.9 (d. J = a 1 Hi. 6 HX 
L25 (t, J = 7.0 Hz. 3 H), L4S-1.8 Cm, 4 H, NH, fi-H, y-Xi, 
2.62 (A J = 2J> Mb. 1 HI. 2.8S (d. J - 2.0 Hi. 1 H>. 4 J (q. J - 
7.0 B». 2 H), 4.BB-4.05 Cm. 1 ID, 6.13 (d. J ~ 12.0 Hz, 1H\ 
6.18 (d, J = 12.0 Hz. 1 BD. $.65 (bet J = 8 A Hi. 1 HX 7.3-7.4 
fan, S H)."C NMR (CDC1»): 6 13.83. 21 .49, 22.S8, 24.08. 88.17, 
87.12. 40.72, 60.18, 61.86, 66.80, 127.93. 128.14, 128.35. 
135.10, 167.65, 17a02, 171.97. MS OH. 70 »VX- mh (») =• 363 
(9) IM T + 11, 227 (100). MS (CI. Cfriat. mix (*) - 363 (100) 
CM' + U Anal. (CuHjjNjOs) C.H.N. 

AM [(2R,a8>4-Q&urjwl>cmyl)axir^^ 
CSMeuuine (18b) <EtO-CK,R)-Aai-Leu-OK). Mbwasbydro- 
ganolysed aaing the general hydrofrenolysiii procedure. Re- 
crvfiUlUuboa from MeOH yielded 95% (155 rag) 16b: mp 66 
"C; Calo" = -63.6° <e 0.55, EtOH). IR (KBr): 3374 (br\ 1737. 
1670, 1544 em' ». l H NMR (CDOa): 0 0.94 Id, J » 5.9 IIz. 3 
II), 0.96 (d, J - 6.11 Hs. 3 H). 1.30 (t. .7 = 7.08 Hs, 8 Hi. 1.5- 
L8 (m, 3 H>, 2.71 (d, J = 2J8 Hx, 1 H), 2.89 (d, J = 2.2 Hr, 1 
H). 4.23 W. J = 7.3 Hi, 2 ¥L>, 4.5-4.6 (m. 1 HX 6.0 (bs, 2 H. 
NH, COOH), 6.76 (bd, J - 8.G Ha, 1. H, NH). MS (CI. C,H W ): 
m/i (*) = 273 (100) CM 1 + U MS (E3. 70 aVk mh 1%) = 272 
(12) IM* + U. 227 (100). Annl. rC u H«.N: < O R -V ! M<»0H) CJl; H: 
calcd, 7.69; found, 7.28. 

^(K2SASWEthwaui>o^I)aJ^^ 
(S)4evcyHS>-prolbie Bouyl Estor (16o) (BtO^SVAxi- 
I*n-Pro-OBal). DPP A- mediated coup!inj{ of lis wiUv Leo- 
Pro-OBzl TTA gave, after purification by fisab chromatography 
(cyclohBtauefethyl acetate. 1/3, 0.19), 51%ll.J7 5 )ofl«i» 
as a color taw visctraa lkniidj [aj D *> - -1&3* W L4S, KtOH). 



m (ethyl acetate): 3271. 1740.1631, 1B51, 1458a 

ICDOkk 6 0.86 (d, J = 6.33 Hx,^ H), 0.91 (d, J « 6 .38 Hz, f 
HI, l,27(t J = 7.1 Ha. 3 H). 1.45 (m. 2 H, ^-H Leu), L5-1.64 
(m. lH,yH LeuL 1.8-2.1 (m, 4 H, /W Pro, 3 >-H Pro. NH 
AiiX 2.1-2.88 (m. V H. /9-H Pro). 2.G8 (d, J = 1.85 H*. 1 H). 
2.7B td, J «2J Ha, 1 H), 3^-S.fi2 (m, 1 H, 4-HPro), 3.7-3.8 
(m, 1 K, d-H Pro), 4.2 (Oj J =■ 7J Hi, 2 H), 4.54 (m, 1 H. a-H 
Ptv). 4.74 (m, 1 H, CvB Lou), 5.06 (d, J » 12^ Hz, 1 H), 5.16 
fd, J = 12.2 Hi, 1 H), 7.08 (bd, ^ « 8.0 He. 1 H, NH Lou), 7.35 
Cm, 6 H). NMR (CDCla): (5 13.97. 2LG3 (Leu), 23.19 (Leu). 
24.02 (Leu), 24.76 (Pro), 28.84 (Pro). 36.59 (Azi), 37.35 (Azi). 
4L47 (Lou). 46.74 (Pro). 48.55 (Lew). 58.82 (Pro), 61.93 (0- 
etfayt). 66.79 (O-bensyl), 128.01, 128.18, 128.43, 135.42, 167.68, 
170.00. 170.74. 171.49. MS (CI, CHtf. (*) - 459 (4) IM + ], 
368 (100). AnaL (CtHuMfOJ CAN. 

^I(2B^I(>3^BiozyearbcM9l)azMdliL-2oH^^ 
(OT-letiryl-CK-proUne Benzyl Estor (16b) (KlO-UJ^?>-Aal- 
Lcu-ProOBal). OFPA-mcdlated coupling of 16b with Pro- 
OBzl HCl gnve after purification, by column chromatography 
(ethyl aootaw, Rf> OJSSi 16b ( 1.3 g. 67%) ar 



Received from < 21$ 851 1429 > at 10)2(02 3:04:39 PM [Eastern Daylight Time] 



Sehirmetaur 

liquid; CoJd u = '-IZS-U" Cc 0.44, EtOH). IR (ethyl ace late): 
3275 (br). 1742, 1656. 1539, 1448 cm". l H NMR (ODd,): A 
0.88 (d, J = 6-6 Hz, 3 Hfc 0^2 (d. J =» 6.6 Hi. 3 H), 1.26 (t, J 
= 7.1 H*,3H\ l.d-1 ^2 (m. 2 H. 0-H Lou). 1.58-1.7 (in, 1 H. 
y-H Lou), 1.74 f bt, J = 8.0 H». 1 H, NH An), L9-2.1 (m, 3 H. 
^-H Pro, 2 y-H Pra), 2.2 (m, 1 H./5-H Pro). 2.64 td, J = 7.6 H7, 
1 H, Asi), 2.80 (d. J " 6\5 Hz, 1 S. Ari). 3^6 (m, 1 H. <»-H 
Pro), 3.64(m, 1 H, rV-H Pro), 4.18 (q, 7.1 Hr. 3 H), 4.52 to, 
1 H, a-H Pro), 4.70 (m, 1 H, o>H Lea). C.04 (d, J ~ 12.2 Hs. 1 
H), 5.16 (d, «/ - 12J Hi, 1 R). 6.86 (bd, J = ao Ife. 1 H, NH 
Lea), 72-7 Ji Cm, 5 H). NMR (CDC3,>: <5 14.14, 21.78, 
23.40, 24,70, 24*9, 2a02, 85.58. 87.49, 41.48, 46.9D, 48.40, 
68.98, 62,19. 67.03. 128 ^B. 128.40, 128^3. 135.62, 167.S8, 
17a50. 170.92. 171.74. MS CEl 70 «V): mix («.) = 4B9 (27) CM ' 1. 
227 (100X AnuL (CiJl n N>Og) C&X. 

Diethyl (^.3S)-l-[A 7 -(Fhi<^o^lmcthasycarboDy]>- - 
CSV-leuoyB aziridM6.a,!Wlifnrfao«y1nta (20a) (Pmoc-Len> 
C9^S)-AzHOEt)s). N-Acylatjon or 10a via a yia i uutri c nnby- 
dride using Fmoc-Leo yielded after column ehrontatography 
(eyelonezane/ethyl acetate, 6/1. R, a 0.21). 20a (1.6 g, 44*h 
up 56 S C; [o]d 1u = -10JS2* (e LOSS, EtOH). IH(CSjCii): .3418 
(br). 1738, 1627 em- 1 . J K NMR (CDCU): 6 0.9 (d, J" = 6.6 Ht, 
6 HJ. L23 (t, J = 7.1 Hs, 3 Hi, 12S (t, V = 7.1 Hz. 3 H), 1^45- . 
1.8 <ro. 3 H), 3.5 (b, 2 H, A*i). 4.15-4.3 (m, 3 B. Praoc). 4.4- (q, 
J 7.1 Hx, 4 HX $.16 (m, 1 H, a-H), 5.3 (bd. J = 8.0 Hs, 1 H, 
NH). 7.2-7.4 (m, 4 H), 7.5-7.6 (m.2B0. 7.7-7A bn. 2 H). ,J C 
NMR(C33Cna): 313.97.21.74,22.73.34.66,39^9,41.44,47^0, , 
54.37, 62.62. 69^8. 119.96. 125.11. 127.05. 127.68, 14L29, . 
143.74.155.79. 166.08, 180.83. MS (EI. 70 *Vr m/r(*)= 622 
(10) rM + l, J78 (100). MALD1-TOF HRMS: calcd, 645.22337 ; 
fM + Na)+ : fetmd, 54E.2252 * 0.00174. AnoL (CnBuNoOO . 
N: calcd, 5.38; found, 4*25. 

^K(253^a'[l^-U^-Batc^yx^bo^yiH^^h<a3ybila- 
nyl).3-(ethoxy«irboTiyl)aziridiTva-yl]carhonyl}-(S>-len- 
«hi« Benxyl Ester (21a) (BOC-Pb«-(EtOWS,S)-Aai-Lcn- 
OBzl). N-AryiatJon of 14a (1.6 nunoL 679 ni«) via the 
Bymmotrie anhydride proeadnre using BOC-Phe gave, after 
cohunn rlimnuitography (c^lohaxanc/ethyl acetate, 1/1, fir = 
0.7), 21a (347 mg, 95%): mp 50 "C; Uxlo r ' J = -10.6° (c 0.25. 
RlOKj. IB (EBr): 3359 (br\, 1743, 1710. 1498 on"'. <H NMR 
(CDClj): d0.9Ct,J = 5V3Hx,6H), Ufl, J = 7.3 Hz. 8 H), 1.4 
(s, 9 H), 1 45— 1.7 (m. 3 H, Lea). 2.6 (d. ,7 = 1.95 Hs, 1 H, An\ . 



Lea), 6.18 2 HX 6.28 Od. J = 8 J Ha, 1 H, NH Phe), 6VS4 
(bd. J = 8.1 Hx. 1 H, NH Leu), 7.12-7.28 (m. 6 H), 7.28- 7.4 
(m, 5 H). »C NMR (CDCU): 6 13.93 (CH>)..2X^5, 22.71 (L<m 
CHu), 24^1 (Lev), 2826 (BOO. 39.CS (Azi). 40.57 (Asi), 41.34 
(double peak, /K: Leu, Phe), 50.88 (oX! Lou). 67.0 (a-C Fh^-), 
62.63, 67.26 (OCHaX 80.01 (BOO), 126.87. 128J2. 128.48, 
128^64, 128.65, 129.&4, 135.3S, 138.73, 15437, 164.76, 1C5.76, 
171.93, 178.95. HREIMS (70 «Vl: cakd, 6094050; found, . 
609.3051. AnaL (CnHoNjOt) CJLN. 

^•{(ZiO^l^l^^-Butaxycai^nyU^^phenjyUla- 
nyl>^(cth<Xi<yc«rhrtny))aiMdin^yl]cjirbmiylHS)-lou- 
eineBaiuylEstar (21b) (BO C-Phe- 1 KtO ) ■ IBJt) vAzi-L«u - 
OBzD. N-Acylation of 14b (1.0 mmol. 362 mg) via the 
symmetric anhydride procedure using BOC-Pbo eavo, after 
column chromatography (cydohexBrnVethyl acetate, 1/1, 
0.7). 21b {429 mg, 709) aa a colorlem viBcoos liquid: (o4e>" 
= -34.7* (c 0J6. EtOH). IR (KBrj: 8339 (br). 1742, 1498 cm-*. 
'H NMR (CDQj>. d05(d.^-8.1Ha,6H).L28(t,«r=7.1 
Hz. a H), 1^8 (e, 9 H>, 1.44-L66 (m, 3 H. Leu), 3.1- 32& (m, 
2 H. 0-H Phe). 3J3S (d, J « 2.2 Ha. 1 H, Aid), 3.51 «1, ^ = 2.2 
Hi, 1 H, Azi), 429 (q, ^ ^ 7.1 Hz. 2 HX 4.44—166 Cm, 2 H, 
a-H Leu. PbeX 4.92 (bd. J = 9.0 Ht. 1 H. NH Pha), 6.16 (8, 2 
H), 6.4 (bd,*/<" 8.0 H*. 1 H, NH LeuX 7.16-7.4 (m, 10 H). »C 
NMR (CDCla): d 13.88, 2L7B, 22.66. 24.76, 28.15, 38.22, 40M, 
41.19, 41.37, 5034. £6.16, 62.50. 67.16, 80.09. 126.81, 128.16, 
128.44. 128.57, 129.48. 135.14, 136.11, 15437, 164M, 165.8L 
172.02, 179.26. MS (BJ. 70 eV): mh («) =609 (31) CM*i. 418 
(100). Anal. (CjHaNjO,) CAN. 

A'H^^W-l-CWKtor^Batoxyi^irbonyiy-CSVphciiyLJa- 
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(S)-prolm« Benzyl Ester (22a) CBO&Phe-0!cO>(cXS>Azi- 
L«u-Pro-OBzI). N-AcyiaUon of 10a (1.6 mind, 688 mgj with 
BOO Pho via tha symmetric anhydride method gave, after 
purification by flnhh chromatography (eyelnhjuxnu/eUiyl ac- 
etate, VI, /? r = O.G), 660 me (53%) of 22a: mp 80 "C, Lab 25 - 1 - 
-46.7* to0.5i,Etcro. mOEBn: 3275 (br). 1744, 1713. 1632, 
1498, 1«6 em". »H NMR iCDChY. 6 0.8S (d, ,/ ~ fX35 Hz, 3 
H, d-H Leo). 0.93 (d, J = Hz,3H,d-H Leo), 1.24 (t, J= 
7.1 Hi, 3 EX 1.35 <». 9 H, BOO, 1.43-1.8 Cm, 3 H, fl-H. v-H 
Leu), L8/V-2.1 (m, 3 H, 1 /Mi, 2 y-H Pr»>), 2.1-2.3 <m, 1 H. 

Pro), 2-94-i23 (m, * H, jS-H Phe), 3.35 (<J, 3 <= 2.0 Hz, 1 
H, Azi). 3.45 (4, J = 2.0 Hz, 1 H, Azi). 3.32-364 (in. 1 H. MI, 
Pro), 3.66-3.80 (m, 1 H. d-H, Pro), 4.12-4.24 (m, 2 H, OCHs), 
4.4 (in, 1 H, a-B PheX 4.58 Cm. 1 H. a-H Pro). 4.76 (m. 1 H. 
a-H Leu), 5.08 (d, J = 122 Hz, 1 H), 5J» (d, J = 122 Hi, 1 
H>, 6.36 (bd, J = 7.81. 1 H, NH Phe). R81 (bd, J = 8.7 Hz, 1 
H, NH Leu). 72-7.4 (n>. 10 HX "C NMR (CDClitf d 13.9 
(OCH»CH a ), 21.61, 2S.2S (d-C Leu), 24.68 (j~C Pro), 24.79 (v-C 
Leo). 38.19 (BOO. 28.90 (fi-C Pro), 39j67 t<W5 Phe). 40.06 (Aid), 
40.72 (Aii), 41.57 (£-C Leu), 46.83 (A-C Pro). 48.96 (a-C L«u), 
67.11 (a-C Phe), 68.92 (a-C Pro), 82.61 (OCHa). 66.91 (OCHj- 
Phj, 79.48 (BOO. 12&67, 128.10. 128.30, 128.42. 128.52, 
129.66. 136.47 (double peak), 154.71, 164.62, 165.97, .170.57, 
17L51. 179.36. MS (CI. CUH»): m/z (*j = 706 ( 100) [NTJ. Anal. 
(CuHjoN^O,) C,H; N: calcd, 7.99, round, 7.46. 
A^f(2J^aaVl^fAt(/^.B a taxycarbonylMS>phflnylflla- 

GSO-prallue Benzyl Eater (22b) (BOC-Pbe-CEtO)-CB,K),Azi- 
Len-Pco-OBal). N^Acylation of lCb (0.13 mmol, 68 tng) with 
BOC-Pha yia the- aymntetrie anhydride method gave, after 
purification by Itmh cVeuurtography (tyclobexune/ethyl ac- 
etate, 1/1 , = 0.7), 60 rag <r>7«) of ZZb: znp 77 *C; Cafe* 4 - 7 « 
-61.4" (c 0 .3, V.VQHi. IR (CHjClj)-. 8418 (brJ. 1742, 164J. em * 
*H NMR (CDCfe): d OS (d. -J => 6.6 Hz, 3 HX 0.06 (d, J *» 6.6 
. Hz. 3 HX 1.26 (t. J = 7.1 He. 3 H). 1 .38 fe, 0 H), 1.44-1.76 Cm, 
3 H, Leu), 1.88-2.1 (m. 3 H. Fro), 2.1- -22 (m. 1 B, Pro), 3.0- 
.824 (to. 2 H, Phe). 3.4 (d, ^ - 1.96. 1 H. Ad), 3.47 Cd. J = 1.86 
Hz, Aw), 3.59 (m, 1 H. Pro), 3.76 (n>, 1 H. PraX 42 (q, J = 7.1 
Hz,2H). 4JJ0-4.66 (m,2H,o>H Phe. Pro), 4.74 in, 1 H, a-H 
Leu). 6.0 ( bd. J "> 9.0 Hz. 1 H. NH Phe). 5.09 fd. J =-12.2 fife, 
1 H), 5.2 (d, 12.2 Hi, 1 H). 6.7 <bd, J .= 8.0 Ht, 1 H, NH), 
7.14-7.4 frOvlO H). NMR(CDC)a): d 1S.«7. 21.68, 23^6, 
24^6, 24.83, 28.16, 28.89, 38.42, 41.18, 41.31, 41.42, 460)1, 
43.12, 5626, 58.89, 62.50, 66^0. 79^9. 126.82, 128.10. 123-30, 
128.43. 128.82, 129.66, 135.46, 136.13, 154.78, 164J8. 186^2, 
170.57, 171.51. 179^2. MS (EI, 70 eV): mis He) « 706 (46) 
[Ml 206 (100). Ana). (CaHtsNtCfe) CA N: cuhxl, 733; found. 
7.40/ 

<2S^S> mid <2S^S)-2-Buax>r] S-Kthyl l4V-tf«Tf-Bu- 
tasTiawlioirylVta^^lieBylalaioyDaefridlBe-S^^ 
late (23a+b) (BOC4 > he-<S rf Si-ilJO.A2l-(OBt)(OBil). K- 
Aqplotioa of 13a+b (2 mrrol. 498 m?) with BOC-Phe via the 



cosrapby <«yeloho«iine/othyl aoetate. 2/1. Ay - 0.65) 23n+b 
C2la (SiXHb iflJD o 674) (860 m e . 86%) a» a yeUowish 
vIbcom liquid: Tain* 17 = -10.2*He 0.71, EtOHX IR (etbyj 
aoetolc): 3377 (br), 1743, 1712, 1.497, 145B em''. 'H NMR 
(CDO,): 6 L2B (t. J = 7.1 Ha. 3 H). 1.36 and 1.38 («, tagcthcr 
9 H), 8.0-3.3 Cm, & H, /t-H Phe), 3.35 (S,S) und 3.49 <B,ftXd, 
J = 2.2 Hx, togetfaer 1 H, CH Aii), 3.40 (S^) and 3.53 (B^) 
(d, «T= 2.2 Hz, togather 1 H. CH Azi), 4.22 (q. 7.1 Hz, 2 
H), 4^ CS^) and 4.68 C&R) (m. together 1 H, a-H PW, 4.93 
(ryi) and tl (B^) (bd, J = 9.0 Hz, toget)>er 1 H, NH), 5.2 Cm. 
2 H). 7^-7.46 (n. 10 HX "0 NMR (COCb): <) 13.75, 38.02. 
28.06 (BOC>. 38.09, 39.03, 39.61, 39.87, 89.93. 40.21 (/7-C Pbe, 
Ail), 86.97. 58.37 (a-C Phe). 62.31. 62.36, 67.61, 67.83 (OCHi), 
79.48. 79.64 (BOO, 126J7, 126.60, 128.14. 128^2. 128.30. 
128^0, 12M3, 128.48, 128.52. 128.B8, 199.43. 134.38, KW.41, 
136.01, 136.11. 154.60, 154.75. 165.67, 165.74, 17^78. 178.99. 
MS (CL CjHb)i mht (ft) = 496 (76) IM-], 405 (100X AnaL 
(CrHaJJiO,) 

Diexb^l(^ p ^l.(N:(Beiu7losye&Alxin7l)|dy»l^ 
asuidine.2,3-dicarboaylate (24 aj (Z-Gly-Qly-tS^KAsi- 
(OBUf X-Acylntioii of 10a (1.6 akmol, 260 ma) with Z-G)y- 
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Gly by the gvawal S£DQ woceduro prro after column 
cbrom&tASrapfcy (ethyl ecetatc,^- 0.64) S4o (320 tog. 49%) 
a6a«»I«rltewvifioOBslio,Hid; [«] o B *»='+ig,8°(e0^2.EtOH>. 
IRCCHaCIa): 3395 (hr), 1737. 1632 em"'. 'HNMH(CDCl.ih <) 
li (C, J = 7.1 Hi, 6 EL\ 3.38 fa, 2 H, Ail), 3^-4.08 (m, 4 H. 
Gly), 4.15 Ut, J - 7.1 Hz, 4 H), 5.02 (a, 2 H), &.72 (bt. /= G.8 
Hb, 1 H. HHi, 6.95 (bu, 1 H, NH), 7^5 (m. 5 W "C NMR 
(CDCbJ: d 13.93, 39.72, «.71, +4J2, 62.77, 67.20. LSB.OG. 
128.17, 128.50, 136.09, 168.52. 166.00. leti.Ofi, 176.54. MS(ET. 
70 cV): mAs («) = 435 (20) mr\ Via (100). MALDI-TOF 
HBMS: ealod, 458.1639 {M + Nal^; found, 4BP.W082 * 
9.00637. Anal. iQaHssNjOg) HJI; C: calcd, 55.17; fcund. 6423. 

tMcthyl C2S^^l^-(B<wylo»yo^onyl)-CS)-alanyl- 
(&^pheivbiliuiy11aziridizto-23-dioiaboxylnto (26a) (Z- 
Ala-Pbe-CS^>-Ari-(OKt)i. N-A*yhttion of Ida (5 mmol, 936 
rag) with 2-Ala-Pha by the gcnorol EEDQ proocduro gave, after 
oohizon ctromatogrnphy (cyebhA^aoq/etHyl acetate, 2/1, fl> = 
0.14), 2 So (1.17 r, 42.83. > an a yellovriikh visooua liquid: loj,"" 
= -rfl^ fj» 0.82, EcOHX D? (CHaaB): 3423 (br), 1738, 1523 cm-'. 
«H NMB (CDC1«): 4 L22 (d, J n 6.6 Hz, 3 H, Ala). 1.28 (t, J 
- 7.1 Hz, 6 H), 3.08-3.84 (m. 2 H. Pho). 3J (b. 2 H. Azi). 4.18- 
4.3 (in, 5 H, a-H Ala, 2 OCH*). 4.8-6.02 (m. l H. a-H Phe). 
6.08 (d, J = 12.Z Hs, 1 HX S.lfi (d. J « 12.2 Hz, 1 HX 5.26 U». 
1 H. NH Ala). 6.44 (bd. ^ = 8.7 Hz, 1 H, NH Phe), 7.16-7.4 
(in, 10 a). "C NMR (CDCls): «5 13.91, 18.61, 37.77, 40.25. 
B0.46. 54.39, 6256, 67.02, 126.98, 128-01, 128,43. 128.48. 
129.52, 135.73, 136.12, 155.74, 165.87, 171.70,178.46. MS (Bf. 
70 eV): mfs («.) - 539 (63) [M+l, 91 (100). AnaL (CaHaNjO,) 

Diethyl (2R^yi-\N-t&3a3jiaxycarhaiiyl>-lS)-al&txyl- 
CS)-phcriylaIanyUii^diii».2>dicartKitylate' CZfib) (2> 
Aia-Phc-C&%R>A2i-(OE09>- X^Acylntion of 10b' (3.3 mmol, 
617 mff) with Z-AbvPhe by tho KooenJ fi£DQ procedure gove. 



6.6 Hz, 3 H, AlaX 1-27 (t. J - 7.1 Hz, 6 H), 3.0-3.35 (m, 2 H. 
Phe), 3J3 It), 2 H, AzU, 4.16-4.23 (m. 5 H. a-H Ala, 2 OCHa), 
4.90- 0.0 (m, 1 H, a-H Pho), 5.05 - 6.2 (tn,3H, OCH,, NHAJai, 
6.6 (bd, J = 8. 1 Hz, 1 H. NH PhcX 7.1-7.4 (ra. 1 0 HX "C NMR 
(CDClak A 13.98, 18.16, 37.81.4027, 60^6, 64.44, 62.68, Gi.lV, 

127.00, 126M7, lifi.as. iaa.4e. 128.57. 129.54. 133.73. isd.07, 

165.80, lBiUO, 171.56. 178.32. MS (CLOttd: #»&(%) = 640 
(5) IM" + 1J. 353 (1001- AnaL (CmHsiNaO*): C JLN. 

InlooyHSValanyl Jarlrt dtao^S-dltanrljazsrlate (£6a) (BOC- 
Pbo-Al»^S^VAxi-(OEt)J. N-AeyJatien of 1 On (1.3 mmol, 280 
mg) with BOC-Pbe-Ala by the eeneral EEDQ method yielded, 
after verification by oolnnra chromatnsraBby (cydohosane/ 
ethyl acetate. 3/1. R, - aifi), 26a (580 iajc. 77»): mp 99 °C; 



H), 1.33 (B, 9 H. BOO, 1.4 «U «f « 6^ Hz, 3 H, Ala). 2.9-3. 1 
(m, 2 H, PheX 3-« (s. 2 H, Azi), 4.1-4.88 (m, 5 H, a-H Phe, 2 
OCHil 4-5 (in. IH,a-HAJaX^B3(hs > lH,NHPhe).6.7(bd, 
J = 7.8 nr. 1 H. NH AlaX 7.1-7.3 (m. 6 H). VI C NMR (CDGIjh 
d 18.98 (OCHaCHaX 17.92 OJ-C Ala), 28.15 (BOC). 39.75 (/5-C 
Phe). 49,03 (Azi), 4923 (a-C). 49.94 (a-C), 62.06 (OCHi). 80.0 
(BOO, 126L75, 128.47; 129.35. 136.64, U6£ (BOCX 166 93. 
170.34, J794». MS (CX, CjHn): m/» (*) = 506 (100) [M'J. Anal. 
(CaHajNaO,.) C4^ N: ealcd, 851; firand, 7.43. 
. (2c7^9V oad (2RAB)-A-Bennl 3-Ethyl l-l^-fterr-Ba- 
tuxyniirW,yl)-(S)-phraiylaJauyl-lS' ' * 
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chromatography (cyclohcxana/cthyj acetate, 3/1, R/ => 0.131, 
am+b (160 mg, 66%) (1 .3/1X mp H5 *C; rob 1 " = -1L4° fc 
EtOHX IR (ethyl acetate): 33C5 (brX 1741. 1720. 1664, 
1524, 1600, 1465 cm" 1 . 'H NMB (CDClj): 6 1.2-1.45 (m, 16 
HX 3.0-3.13 (m. 2 H), 3.4-3^5 Cm, 211), 4. 15- 4.3 (m, 3 H, 
a-H Phe. OCHiX 4.06 und 4.7 (m. together 1 H, a-H Ala). 4.9 
t'ba, 1 H. NH PhcX 52 (a. 2 U). 6.55 and 6.65 rtw, togothor 1 
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H. NH Ala), 7.1-7.8 (m. 10 H). "C NMR. (CDCW: * 
18.18, 26.90, 38.21 CBOCi. 39.70. 39.99 W-CPha). 40.05. 4023 
(A»). 49.6Tso.01 ia-C Phe). 63.54. 62.72 (0CH»). 66U8. 68.28 
(CCH^Ph), 80.0 (BOC). 126.97, 158.63, 128.68, 128.72, 128.74, 
188.81, 129.14* 129.37, 129.43, 134.46, 134.65. 136.36, 1S8.44, 
1S6.0. 16S.78. 165.82, 166.88. 165.66. 170.86, 170.61, W9-26. 
179.96. MS (CI, CJU): m/r (*) = 667 (62) WL 476 (100). 
MALQI-TOF HRMS: ealod. 590.2478 [M + Nal 1 ; &und, 
590.2464 ± 0.0010. Anal. (CssHjiN^a) RN; C: faded. 68.48; 
found, 64.16. 

(2S,3S>- and l2fi,3K)-2-B«!nzyi 3-Etbyl I-lA'-(«rt-Bu- 

N-Acylstion of ISa l-b (L6 mixxol. 398 Big) with BOC-Leu-Gly 
via the REDQ method gave, after flash chromatography 
(eydohexanc/ethyl aeetato. 3/1. = 0.14), 28o+b a.5A).l430 
mg, 51.7*),- mp 88 °C; tah," ' - -18J 1 fe 0.59, EtOHjL IE 
(ethyl aeetato): 8338 (br), 1741, 1516, 1455 cm >. >H NMR 
(CDOU): 0 0.9 (d, J = 6.6 fl*. 3 H), 0.92 fd. J = 6.6 Hx, 3 H), 

I. 28 and L28 (t. J = 7.1 Hz, together 3 IT) 1.46 (m, 11 H 
BOC, 6-H lieu), 1.6 -1.B (m, 1 H._y-H Lou), 8.46-3.56 (m. 2 
H. As), S.9B-4.10 (to, 1 H, 1 o>H Gly). 4.1S-4.S5 (m, 4 H, 
e^lfl™. 1 a-H GlyVoCB,). 4.9 (hs, 1 H, NH Leu), 3 
Hi, 6.7 (be, 1 H, NH Gly). 7.2-7.4 (m. 5 Hi ""C NMR (CDCUJ: 
A 18.94, 14.08 (OCHfCH.,1, 21.74, 22.97 (CHu LenX 24.70 (y-C 
Lea), 28 .26 (BOC), 39.63. 39l84 (A*), 41.28 (^C Leu), 4^77 
<a-C Gly), 63.02 (o>C Leu), 61.43. 82.73 (OCH»). 68.31 (OCH r 
Ph), 80.0 (BOC). 126.98. 128.64, 128.72, 12&J&. 129,12, 130.99, 
134 .35. 166.0 (BOO, 165.87 (double paaM. 172^7. 176.4B. MS 
( CI, C«H»): mU (*> = 619 Wl 428 (100). Anal. (CaHnNaOi) 
CFfc N: calcd, 8.09; found. 7.84. 

Diethyl (2S,3SM-l^-<Beiixyloxycarl>ony))gly«yMS>- 
nh«i«falaQyHS>»alanyam^diiie-2^-fU<aiibaxylate (20ft) 
(Z-GlyPfee-AIi.-(S^)-Aiil-<OEt),) . N-Aeylalion of 10a (0.4 

. mmol, 74 mg) wi*. Z-Gly-Plio-Ala using the general EEPQ 
procedure gave, after purification by column chromatography 
(eycUiheian/vthyl aceteso, 3/1, /J r ~ 0.1), 2»» (IJ0 mg, 46»): 
mp 89 "C; lukr>** — +6.3" Ic 0.6, EtOH). 1R (ethyl acetate): 
3305 (br), 1738, 1656, 1466 an -1 . 1 HNMR (CDOla): 8 1.0- 
L4 (m, 9 H, /3-H Ala. 2 CB&). 3.08 (in, 2 H, fi-H Phe), 3.46 (s, 
2 H, AzU, 8.76-4.0 (m, 2 H, Oly). 4-2 <q. J «» 7.1 Jto, -4 H, 
OCHs), 4^(m,l H.O-M Aln), 4.8 (m, 1 H, a-H Pho>. 6.1 (e, 2 
H. OCthPaY, 6.7 (ho. 1 H, NH fHy), 6.76 (bd, J = J.8 Hj. , 1 H. 
NH Phc), 6*fl(ba,lH,NHAfe). 7.1-7.6 (m, 10 HX "C NMR 
(CDCW U ^3.92 (CHjCHo). 17.84 (CH, Ala), 38.24 (^CPKc). 

■ 4O.10 (Aa\ 44.66 (Oiy), 49.41 (tt-C AltO. 54.25 (o>C Phe\ 6236 
(OCHaX 67.22, (OOBsPhe). 127.02, 128.08, 12820, 128,50, 
128,03, 129^9, 136.11, 1S8.23, 135.0, 166.08, 16&.87, 170.02, 
178.38. MS (CL CJIio): <«*) ~ 696 (93) [M'l, 488 (100). 
Anul. ICnB^Oi) CAN. 

(aS^S)- and <SUt^Styi-^<t^-nutaxyoaahaiijiy<Sy- 

\ytxc hydrngo ttolvBia of 2a»+b hy the gcatetal method described 
above ravo, eAer rwcrysialUfcatioo frum uMtonitrile, 30a-fb 
(1A) (234 mg, 96*): mp83°C; W^' = - 1.0* (c 0.49, EtOH). 
. m (ethyl acetate* 3876 (brX 1748, 1720. 1407, 1465 on"'. 'H 
"NMR iCDGIak A 1.1-1.5 (in, 12 H), 8.1 Cm) and 3.8 (m"» 
(tnsEthcr 2 H, /J-H Rie). 3^- 3.6 (ra. 2 K. Ax>). 4^3(^^-7.1 
Hz. 2 ID, 4.4 (m)'and 4.6 <m) ( together 1 H, a-H Pirn), 5.15 
(M, J = 8 J H.) and 55 (M. = 8.9 Hs) (together 1 H NHT, 
.7.0-7^ (m, S H). 9.5 (b». 1 H. COOH). n C NMR (CDCla): a 
13.81 (CHa), 27.98, 28.00 (BOC), 38.31 (doable peak). 3A.83. 



129.41, 13S.79, 139.99, 156.19 (doable peak). 166.14 (double 
peak). 169.00 (double peek), 178.96, 179.60. MS <CL d,H,o>: 
m/z (ft) = 463 (4) [W + COW, 407 (46) W + 1], 331 (100). 
Anal (C-eHiiNtOt) H0<J; C; e alcd. 69.10; found, 60^0. 

Kinetic Maaftaremento. Kinetic xneasuremeDts ware cair- 
nod out on a Pbanaaeiu 1KB UVtroapec III photometer and 
on a Perkio-Elmer LS-3B Quoresoonoo ispoctroinetar, raupoe- 
hvely. The Mowine W bufTera were uaod: papalrVL- 
BAPA,™ 60 roM rdvraphats WF«r, pH 8.5, S oM EDTA, S DM 



Schirnitlster 

mM DTT. 0.005% Brij 85: caJhepain B« or catbepsin l/W»ha- 
Arg-AMC,»- : " 60 nM eitrato bnflcr. pH 6.0, 2J5 mM DTT, 5 
mM EDTA. 2(K) mM NaCl. 0.005*. Brij 35; calpain 1 or WSnc- 
Lcu-Tyr-AMC 50 mM TBI3 buffer. pH 7.6. ft «aM CaQ-, 2.5 
mM SDTA. 2.5 raM DTT; trypsiTVL-BAPA 11 * cr chymoerypelii/ 
Ao.Ph»rNA. M 0.1 M phosphotc buffer. pH 7.6: elostase/Ac- 
Ala-AlaoAla-pNA," 0.1 M THIS bofier, pH BJ3; tbermolyfiin/ 
FAGLA,« 0.1 M THIS buffer. pH 7.22, 10 mM Cads! pspaiD/ 
A«-Phe-3^diiodo-TvTOH* 0.22 raM acuUe odd. Asaay bailbra 
for the inactivatton of papain at duleront pH valuee were 60 
mM eitrato far pH 4-6, pliwrphsi* far pH 6->8, and borato for 
pH 8-9. All Idacllc experiments were done at 25 3 C. Euayme 
eotutiflna were prepared fresh by incubating ttio enrymos in 
the individual reaction buffers at 26 °C for 30 rain. Substrates 
and inhibitors viare dlRBolved In DMSO. the final eoncerib*- 
tions at nouauremonta not being higher than 12% DMSO. 



(irradiatiatt at 380 am) and in OBsays using iritrcanilide 
Bubstrates by abBorptlan tocrease.at 405 nm. ThennoJyuin waa 
niaayed by abeorptinn dacreaoo al 345 ran. Pepsin was assayed 
by absorption, increase «t570nm. The ioaetivBtifln rates (fed.) 
for different inhibitor concentrations in the presence of the 



of Tian and Tsou" by monitoring ■ — r - , 

hydrolyEis of tha subserace in the pretence of the inhibitor on 
a function of tiino (fluoresceoee or ebfwrption = A(l — 
ezpt-A^pA) + 8) until complete inacttvation of the enzyme 
(typittiHy 5-60 mia), with steady a tale eenditions eatabUahed 
during tnacUvalion rime. This was done at constant enayme 
and various (3-7) inhibitor eoncentrotiona, reepcctively. For 
weaV inhibitors where oempleta inactivatian took longer than 
60 xnin, * tl . vahies were determined by the dilution ana ay of 
Kite and Wilson," Thereby -^»y>^* and inhibitor 'were incu- 
bated. After an incubation time of 0-60 xnin (6-7 vahms), the 
incubation mixture was diluted by adding subscrat o und buffer 
and the residual cruyme activity [B] -crafl measured. h*» Tallica 
ware then calculated using the equation IE] =< [Eg] ettp(- W>. 
These experiment* wore repeated for 3-7 inhirritar concentra- 
tions. Fitting of the **. value*, obtained hy either continnooa 
or dilution assays, against the inhibitor concentrations to too 
hyperbolic equation " WVKi"* + Ul gave tho individual ' 
values t>TXf?> and hi, The Rf values were cmrreeted to zero 
substrate concentration by the term 1 + ISUK, in the aquation 
K. ^K^/a + ISl/JCn). The seconoVorder rate wmatonta k** => 
Jt/Kj xraiB diroctly calenlatad tan the individual constants. 
In cases where no saturation kinetics wore achieved (□] < Jfi) 
duo to limited solubility or the inhibitors or high K values, 
the second-order rale constants were calculated from linear 
repression to the equation ftd» - Ml ^ corrected to «oro 
substrate coneeoxratinB from Die equation ttai — + 
lSyrTa). Si varoca for tho non.tima^opoodent tnhibitunt of 
cathcpsui H end calpaiaa 1 and II wore obtained hy Dizon 
plats" using equation vtfvt -1-1- 0V&*° and corrected to 
zero substrata concentration from Ki <= &frr/il + tBVKml The 
followiog values were used: papain/Z-Pha-Arg-AMC 0.09 
roM* ponaiD/L-BAPA 2J5 mM, eathopsio B/Z-Phe-Arg-AMC 
0.16 pJd, cathepsir. IVZ-Phe-ArgsAMC 6-6 aM, eathepstn tUS- 
Arg-AMC 0.16 oM, calpain I/Suc-Un-TyrsAMO 0.4 mM, 
calpain U/Sac-Lau>Tyr-AMC a 22 mM. Enzyme co^ntrottons 
were: papain 0.48 jig ml' 1 , cathepsin B 0.015 //g alr\ 
cathepain L 0LtX>/(g ml" 1 , eathepsin H 0.082 mL -1 , calpain 
1 3.6 M caL" l . calpain C 0.04 rog tnL l , elastase 7.5 fg mL S 
dhyrflo*rypainO.M mgmL" 1 , trypsin 3/igmL" 1 , th*rmoly«ia 
63 ;tg ml/" '. pepsin 0.6 mg ml-" 1 . Tho kinetic constants were 
obtained by ntmlmear or Knear regraasiert analysis using the 
program GroFit." 

Diajysia Experimcnta- Oialysis uzporimenta wore carried 
out as follows- Papain (0^2 mg mL~') was inactivated by 17* 
(0.37 mM) and Ua (0.13 nuM). respectively (60 min im aihatiBB 
tans, uacb) and then subjected to c&nlyeis (viakbag dialyeia 
tubing typo 27/33, Scrva) against reaction buffer (60 min. 
each). No recovery of eruryme activity (substrate: L-BAPA, 1 .18 
mMj was daeaeced, whereas eonlrcd aniymeB mainlainad 70% 
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and 92% activity, r&epectively. CathepjsiTi I. (0.07jq}mL l ) wan 
inactivated by 28a+b <uO fttS) (60 mtn incubation timcj and 
then subjected to dialysis against reaction butter \60 min J, .No 
recovery of eniyiaatic activity was detected, whorttna tho 
control ensyrao maintained 32% activity, 
' Stoichiometry of tonctivntlon of Papain by 11a. A 
pina«^ solution (2.78 ><M, bs determined by activa aite titration 
wth E-S4 as describod inrof 55) vas titrated with 11a (throe 
values, Hubatrate: L-flAPA, 1.18 mM, pS C.6) by adding 
increasing amounts or the inhibitor solution (TO - 0.62S/*M- 
1.06S mM) to Qui papain uolutioa. Aftur cash nliqnot of 
inhibitor was added, residual enzyme activity rE] was muni, 
towd. The intercept with thftx-fliris of a plot of CRJ va [I I gave 
the active Rite concentration; 1.11 +- Q,i eqsiv of 11a waa 
required to totally inactivate 1 eejuiv of papain. 

Standard Snhibitora wore W-othybaaleiinid8 Yl for the dilu- 
tion, osscy and E-64' ! for the continuous assay. wflpeetiveJy. 

Abbreviations. Amien ncidt oro written in ike three-letter 
codes and are L configured. Others: Azi iazl?icanc>2,3-dfcar- 
bnxyHc odd), Epa (epaxymiccliiic acid), E-64 (XW-fUuS-lrtws- 
carboxyoxiran-2-yl)carbQnylJ-L(-lffucylJaioi noJ-4-gnnni datiobu- 
iano), DPS1 (diphonyi sulRtnide). EEDQ CHethosycarbunyl). 
S-etboxy-l^-dihytbni]Uiludlna) t DPPA (dipbenyl phasphamii- 
date), DCC <dieycloh«iylearbo<Minu<fe) l DMAF (4-(diiacthy!- - 
amino/pyridine), PLB <pig liver esterase), CCL (.Candida 
Cyundraceaa lipase), PPL (porcine pancreatic lipase), LPE 
(lipase PenidUuim roqvefrrtii). LRA (Uprise RhJzcpus afrtti- 
sua), LAN (lipase Aspergillus niger), BPACX ((beniylo.Tycar- 
bonyl)ph(myIalajxyl-Mlaniiic ehloromelhyl ketone), BAPA (hec- 
soyUrgiriyl p-nitroarulide), AMC (fatciiwmethyljcoumarin), 
pNA (p-nitroaciilide). Trie (WeO^droxymctbyljamiironiBtibaiie), 
FAGLA (3<2-ruryl3acryloyl-jdyeyl'l«iiase amida), DTT(dithlo- 
thraitol), EDTA (ethyienodsutrilacetreBcetie acid), Sua (eue- 
efcryl). 
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3. Prior to 1986, it was well-known to those skilled in the art of protein biochemistry 
that the conformation of proteins, particularly their native tertiary and quaternary structure 

jmr-T— ™rU pm^' arrivW. The term 'activity* is defined as a physiological 

process or participation in a biochemical reaction, e.g. the ability of an enzyme to cause a 
modification of substrate. In order to be active, proteins should retain their native structure. 
Proteins will not be active once they are subjected to forces that tend to disrupt their native 
structure physically or chemically and, thereby, denature them. Forces that can denature 
proteins include, but are not limited to, pH changes, detergents and excessive heating, pee, 
e.g., Biological sciences, 4* edition, Keton and Gould, eds., chapter 3, e.g. p.67 , 1986). 

4. Soybeans were first cultivated in Asia as a crop rotation material (circa 1134-246 BQ 
(Soybeans, Chemistry, Technology and Utilization, Edited byK. Liu, page 1-3, history, 
1999.). During this time, soybeans were not consumed as food due to serious gastric 
distress that resulted from eating the raw bean (Soybeans, Chemistry, Technology and 
Utilization, Edited by K. Liu, page 1-3, history, 1999.). Once precipitation and fermentation 
techniques were developed, Soybeans were incorporated into the Chinese diet. Hat 
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inactrvation of proteins present in the .^^-S^T^l^C^ 

Bowman-Birk Inhibitor ("BEF) during soybean processing renders solans etUhk 
|^»(toe.^inM^M»*».^ Itwask^thattbe 
observed gastric distress is the result of inhibition of protein digestion by trypsin and other 

5 The negative effects of native ST1 to the digestive system are heavily document 
Silva et al (1986) documented morphological alterations of small intestinal eptiehum, 
^yi^^^^^^ro^ Panc^enl^^mduced 
byondlyingested SIX was documented and studies by^onetal (1978) and Krogdahletal 
(l9 79) and reviewed by Flavin (1982). TJener (1983) summarized similar observations » a 
publkaucn entitled "Naturally occurring toxicants in foods and their significance ux the 
human diet". 

6 These studies and others state that SU should be inactivated when soybeans are 
processed for nutritional use. Numerous studies were conducted tn evaluate the effect of 
processing conditions on ri* tr^sin inhibitory ac^ 

preparations to ^c t «t«l l in^ei»^' 1 ' 1 ^ ^ w y g wfaB ... 

for nutritional use are processed (e* pasteurized, fermented, or cooked) m order 
to inactivate STI (see e.g. ihe book: Soybeans, chemistry, technology and utilization, K. Lro, 



Ed, 1999). 



I further declare tliat all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
rode are punishable by fine or irnprisonment, or both, under Section 1001 of tide 18 of the 
United States Code and that such willful false statements mayjeopardize the validity of the 
application or any patent issued thereon. 

_ f./... x r'DcoS //(k /Oj^, 

n Katharine Martin 
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For METHOD FOR REGULATING PHAGOCYTOSIS 

DECLARATION OF KATHARINE MARTIN 
I, Katharine Martin, hereby declare: 

1 . I am currently employed by Johnson & Johnson Consumer Companies, Inc. in the 
capacity of Manager, Pharmacology. I began employment with Johnson & Johnson HE-G^W 
Consumer Products, Inc. in 1990 as Scientist, In Vitro Toxicology. 

2. I received a Bachelors of Science degree from the University of Bath in England. I ^ ^ ^ 

am knowledgeable in the area of protein activity due to my experience in Biological SciencHg^gpntR teoo/^ai 

3. Prior to 1986, it was well-known to those skilled in the art of protein biochemistry 
that the conformation of proteins, particularly their native tertiary and quaternary structure 
are important for such proteins' activity. The term "activity is defined as a physiological 
process or participation in a biochemical reaction, e.g. the ability of an enzyme to cause a 
modification of substrate. In order to be active, proteins should retain their native structure. 
Proteins will not be active once they are subjected to forces that tend to disrupt their native 
structure physically or chemically and, thereby, denature them. Forces that can denature 
proteins include, but are not limited to, pH changes, detergents and excessive heating. (See, 
e.g., Biological sciences, 4 th edition, Keton and Gould, eds., chapter 3, e.g. p.67, 1986). 

4. Soybeans were first cultivated in Asia as a crop rotation material (circa 1134-246 BQ 
(Soybeans, Chemistry, Technology and Utilization, Edited byK. Liu, page 1-3, history, 
1999.). During this time, soybeans were not consumed as food due to serious gastric 
distress that resulted from eating the raw bean (Soybeans, Chemistry, Technology and 
Utilization, Edited byK. Liu, page 1-3, history, 1999.). Once precipitation and fermentation 
techniques were developed, Soybeans were incorporated into the Chinese diet. Heat 



inactivation of proteins present in the soybean such as Soybean Trypsin Inhibitor ("STI") 
and Bowman-Birk Inhibitor ("BBr)during soybean processing renders soybeans edible 
(reviewed in (Wallace et al., 1971), (Kwok and Niranjan, 1995). It was known that the 
observed gastric distress is the result of inhibition of protein digestion by trypsin and other 
digestive proteases by the potent serine protease inhibitors, STI and BBI. 

5. The negative effects of native STI to the digestive system are heavily documented. 
Silva et al (1986) documented morphological alterations of small intestinal epithelium, 
caused by feeding calves with non-denatured soy proteins. Pancreatic enlargement induced 
by orally ingested STI was documented and studies by Wilson et al (1978) and Krogdahl et al 
(1979) and reviewed by Flavin (1982). Liener (1983) summarized similar observations in a 
publication entitled "Naturally occurring toxicants in foods and their significance in the 
human diet". 

6. These studies and others state that STI should be inactivated when soybeans are 
processed for nutritional use. Numerous studies were conducted to evaluate the effect of 
processing conditions on the trypsin inhibitory activity and digestibility of various soy 
preparations (e.g. Wallace et al, 1971, reviewed in Kwok et al, 1995). Today; soy products 
marketed for nutritional use are processed (e.g. pasteurized, fermented, or cooked) in order 
to inactivate STI (see e.g. the book Soybeans, chemistr y, technology and utilization, K. Liu , 
Ed, 1999). — _ — 

I further declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 

(J Katharine Martin 



